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Food  and  Drug  Administration 
[  21  CFR  Parts  510.  556  and  558  ] 

I  Docket  No.  76N-0173;  NADA  No.  9-073  etc.] 
FURAZOLIDONE  (NF-180) 

Withdrawal  of  Proposal  and  Advanced 
Notice  of  Proposed  Rule  Making 

EUsewhere  in  this  issue  of  the  Federal 
Register,  the  Director  of  the  Bureau  of 
Veterinary  Medicine  of  the  Pood  and 
Drug  Administration  (FDA)  is  Issuing  a 
notice  of  (H>portunity  for  hearing' (m  a 
proposal  to  withdraw  approval  of  im¬ 
proved  new  animal  drug  implications 
(NADA’s)  Nos.  9-073,  9-393,  11-016,  11- 
405,  11-698,  11-810  (formerly  FDC-D- 
281),  and  NADA  Nos.  12-061, 13-805,  and 
32-319  for  the  use  of  furazolidone  (NF- 
180)  in  food-producing  animals  on  the 
grounds  that  the  drug  has  been  shown 
by  aimropriate  tests  to  induce  cancer 
when  ingested  by  animals  and  there  is 
no  adequate,  reliable  and  practicable 
method  of  analysis  available  for  assuring 
that  no  residue  of  the  drug  will  be  found 
in  any  edible  porti(m  of  such  animals,  as 
required  by  section  512(d)  (1)  (H)  of  the 
Federal  Food,  Drug,  and  Cosmetic  Act 
(21  n.S.C.  360b(d)  (1)  (H) ) . 

Ccmsistent  with  this  action,  the  Direc¬ 
tly  is  hereby  withdrawing  the  proposal 
on  furazolidone  published  in  the  Federal 
Register  ot  August  4, 1971  (36  FR  14335) , 
and  is  pnmosing  to  revoke  §S  510.515  (a) 

(4)  and  (5),  (b)(15)  and  (17)  (U),  (c) 
(8).  (9)  and  (10);  556.290;  558.15(g)  (1) 
and  (2) ;  and  558.262.  Cmnments  by 
Jime  14,  1976. 

Die  Director  has  reviewed  the  poten¬ 
tial  environmental  impact  ot  the  pro¬ 
posal  and  has  concluded  that  the  pro¬ 
posed  action  would  not  significantly 
affect  the  quality  of  the  human  environ¬ 
ment.  An  environmental  impact  analirsis 
report  and  environmental  impact  assess- 
moit  are  on  file  in  the  office  of  the  Hear¬ 
ing  Clerk,  Food  and  Drug  Admlnlstra- 
tl(m,  Rm.  4-65.  5600  Fishers  Lane,  Rock¬ 
ville,  MD  20852. 

Die  Director  has  carefully  considered 
the  infiation  impact  of  this  pnmosed  ac¬ 
tion.  A  major  infiatimi  Impact  has  been 
foimd,  as  defined  in  Executive  Order 
11821,  OMB  Circular  A-107,  and  the 


PROPOSED  RULES 

OulddUnes  issued  by  the  Department  of 
Heal^  Education,  and  Welfare.  Copies 
of  the  infiation  impact  statement  are  on 
file  with  the  Hearing  derk.  Food  and 
Drug  Administration.  Die  major  cimclu- 
sions  found  in  the  infiation  impact  state¬ 
ment  are: 

(1)  Diere  are  no  satisfactory  alterna¬ 
tives  to  the  agency’s  proposed  action 
which  are  consistent  with  the  legal  con¬ 
straints  imposed  by  the  Federal  Food, 
Drug,  and  Cosmetic  Act,  as  amended. 

(2)  Poultry  production,  i.e..  broilers, 
tuikeys,  and  eggs  (as  affected  through 
diseased  or  poorer  quality  replacement 
birds) ,  is  estimated  to  decrease  anywhere 
from  2  to  20  percent,  and  swine  produc¬ 
tion  is  estimated  to  decrease  fnun  0  to  5 
percent  following  a  furazolidone  ban.  Die 
lower  estimate  are  more  likely  for  the 
first  year  following  the  ban,  but  in  sub¬ 
sequent  years  the  higher  estimates  are 
expected  to  apply  because  the  resistance 
of  poultry  and  swine  to  antibiotics  and 
sulfa  drugs  will  probably  become  a  more 
acute  problem  with  respect  to  the  pre¬ 
vention  and  treatment  of  poultry  and 
swine  diseases. 

(3)  'The  ranges  of  decrease  in  poultry 
and  swine  production  and  their  resultant 
impact  on  retail  prices  will  lead  to  an 
annual  increase  in  cost  to  consumers  of 
between  just  less  than  $1.50  per  capita  to 
just  more  than  $12  per  capita  for  con¬ 
sumption  of  poultry  and  swine  products 
if  producers  do  not  adjust  by  feeding 
more  poultry  and  swine  in  order  to  offset 
losses  from  morbidity,  mortality,  and 
condemnation.  Die  per-capita  cost  an¬ 
nual  increases  are  equivalent  to  an  aggre¬ 
gate  ranging  from  $291  million  to  $2,635 
billion. 

(4)  Again  depending  on  the  resistance 
of  poultry  and  swine  to  antibiotics  and 
sulfa  drugs,  if  poultry  and  swine  ivo- 
ducers  expanded  operations  to  overccxne 
100  percent  of  the  production  losses  from 
morbidity,  mortality,  and  condemnation, 
then  the  feed  idus  nonfeed  costs  for  this 
expansicm  would  range  frmn  $164  milllcm 
to  $1.8  billion  annually.  Assuming  these 
entire  costs  are  p>assed  on  to  consumers, 
this  amounts  to  between  about  $.80  per 
capita  and  almost  $9  per  capita  annually. 

(5)  A  ban  on  furazolidone  may  cause 
a  decrease  in  the  sui^ly  of  poultry 
amounting  to  20  percent  and  swine 
amounting  to  5  percent  within  the  next  2 


years  if  resistance  to  drugs  other  than 
furaaolldone  is  substantial  for  poultry 
and  swine,  and  pnxlucers  do  not  feed 
more  swine  and  poultry  in  order  to  offset 
losses  from  morbidity,  mortality,  and 
condemnaticm. 

(6)  A  ban  on  furazolidone  may  cause 
major  infiation  Impacts,  as  defined  by  the 
OMB/HEW  criteria,  in  the  area  of  com¬ 
petition  for  the  poultry  and  swine  in¬ 
dustries. 

(7)  A  ban  on  furazolidone  would  not 
cause  major  infiation  impacts  as  defined 
by  the  OMB/HEW  criteria,  in  the  area  of 
employment. 

(8)  A  ban  on  furazolidone  would  not 
cause  major  infiation  impacts,  as  defined 
by  the  OMB/HEW  criteria,  in  the  areas 
of  national  productivity  or  use  of  energy. 

(9)  Die  benefits  from  implementing 
the  proposed  actiim  will  be  the  elimina¬ 
tion  of  any  risk  of  any  cancer  associated 
withAhe  consumption,  via  the  edible  tis¬ 
sues  or  products  fnun  food-producing 
animals,  of  residues  attributable  to  fu¬ 
razolidone. 

■Dierefore,  pursuant  to  the  Federal 
Food,  Drug,  and  CTosmetic  Act  (sec.  512, 
82  Stat.  343-361  (21  U.S.C.  360b))  and 
under  authority  delegated  to  the  Com¬ 
missioner  (21  CFR  2.120),  and  subdele¬ 
gated  to  the  Director  of  the  Bureau  of 
Veterinary  Medicine  (21  CFR  2.120(m) ), 
the  Director  proposes  to  revoke  the  fol¬ 
lowing  regulations  in  whole  or  in  part 
Insofar  as  they  apply  to  furazolidone 
(NF-180):  11510.515  (a)  (4)  and  (5), 
(b)(15)  and  (17)  (11).  (c)  (8).  (9)  and 

(10) ;  556.290  ;  558.15(g)  (1)  ancl  (2) ;  and 
558.262. 

Interested  persons  may.  on  or  before 
Jime  14,  1976,  sutenit  to  the  Hearing 
Clerk,  Food  and  Drug  Administration, 
Rm.  4-65,  5600  Fishers  Lane,  Rockville. 
MD  20852,  writtra  (xunments  (preferably 
in  quintuidicate  and  identified  with  the 
Heuing  Clerk  docket  number  found  in 
brackets  In  the  heading  ot  this  docu¬ 
ment)  regarding  this  proposal.  Received 
(xnnments  may  be  seen  in  the  above  office 
during  working  hours,  Monday  through 
Friday. 

Dated:  May  10. 1976. 

C.  D.  Van  Houweling, 
Director,  Bureau  of 
Veterinary  Medicine. 

(PR  DOC.7S-13968  Filed  5-10-76; 2: 04  pm] 
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DEPARTMENT  OF  HEALTH. 
EDUCATION.  AND  WELFARE 

IDotket  No.  76N-017a;  NADA  No  9-073  etc.] 

MESS  AND  CLARK  ET  AL. 

Furazolidone  (NF— 180);  Notice  of  Oppor¬ 
tunity  for  Hearing  on  Proposal  To  With¬ 
draw  Approval  of  Certain  New  Animal 
Drug  Applications 

The  Director  of  the  Bureau  of  Veteri¬ 
nary  Medicine  of  the  Pood  and  Drug  Ad¬ 
ministration  (FDA)  is  Issuing  a  notice  of 
opportunity  for  hearing  on  a  proposal 
to  withdraw  approval  of 'Approved  new 
animal  drug  applications  (N ADA’s)  Nos. 
9-073,  9-393,  11-018,  11-405,  11-898,  11- 
810,  (formerly  PDC-D-281)  and  NADA 
Nos.  12-061,  13-805,  and  32-319  for  the 
use  of  furazolidone  (NP-180)  in  food- 
producing  animals  on  the  grounds  that 
the  drug  has  been  shown  by  appropriate 
tests  to  induce  cancer  when  ingested  by 
animals  and  there  is  no  adequate,  reli¬ 
able  and  practicable  method  of  analysis 
available  for  assuring  that  no  residue  of 
the  drug  will  be  found  in  any  edible  por¬ 
tion  of  such  animals,  as  required  by  sec¬ 
tion  512(d)  (IXH)  of  the  Federal  Pood, 
Drug,  and  Cosmetic  Act  <21  U.S.C.  360b 
(d)  (1)  (H).  Holders  of  approved  NADA’s 
have  until  June  14,  1976  to  submit  re¬ 
quests  for  hearing  in  accordance  with 
5  514.200  (21  CFR  514.200) .  Elsewhere  in 
this  issue  of  the  Federal  Register,  the 
Director  is  issuing  an  advanced  notice  of 
proposed  rule  making  to  revoke  the  ap¬ 
propriate  provisions  of  sections  affected 
by  the  proposed  withdrawal. 

Furazolidone  (NP-180)  is  a  member  of 
a  class  of  chemicals  called  “nitrofurans” 
which  are  used  at  low  levels  in  animal 
feed  as  antibacterial  and  antiprotozoan 
agents  to  increase  resistance  to  disease, 
thereby  assisting  growth.  Nitrofurans 
also  have  prescribed  therapeutic  uses.  In 
addition  to  furazolidone  (NF-180)  which 
is  the  subject  of  this  notice,  there  are 
tlu^  other  nitrofurans  used  in  food- 
producing  animals  which  will  be  subject 
to  subsequent  agency  action:  nitrofura- 
zone  (NF-7),  nihydrazone  (NF-64),  and 
furaltadone  (NF-260).  A  fifth  nitro- 
furan,  furamazone  (NF-84),  is  not  at 
this  time  the  subject  of  contemplated 
agency  action. 

Nitrofurazone  (NP-7),  approved  in 
1948,  was  the  first  nitrofuran  approved 
by  FDA  for  use  in  food-producing  ani¬ 
mals.  It  is  currently  approved  for  use  in 
mastitis  products  for  dairy  cattle  (dry 
cow  treatment  only),  suppositories  for 
vaginal  infections  in  large  animals,  and 
feed  medication  in  swine  for  the  treat¬ 
ment  of  bacterial  enteritis,  in  chickens 
and  turkeys  for  prevention  of  coccidiosis, 
and  in  chickens  for  prevention  of 
pullorum. 

The  initial  NADA  for  furazolidone 
<  NP-180)  was  aiH>roved  in  1953.  The 
drug  is  currently  approved  for  use  in 
iioultry  for  the  prevention  and  treatment 
of  fowl  typhoid,  paratyphoid,  and  pul¬ 
lorum  in  chickens  and  turkeys;  black¬ 
head  (histomoniasis)  in  chickens  and 
turkeys;  infectious  hepatitis  in  chickens; 
hexamitiasis  in  turkeys;  the  prevention 
and  control  of  air-sac  Infection  (asso¬ 
ciated  with  Escherichia  coli) ,  nonspecific 
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enteritis  (blue  comb,  mud  fever) ,  ulcera¬ 
tive  enteritis  (quail  disease),  synovitis 
(arthritis  due  to  filterable  virus)  in 
chickens  and  turkeys;  the  prevention 
and  treatment  of  paracolon  infection 
iParacolobactrum'i  in  chickens  and 
turkeys;  coccidiosis  (E.  acervulina.  E. 
necatrix,  E.  tenella)  in  chickens,  and  for 
growth  and  feed  efficiency  in  chickens 
and  turkeys.  It  is  used  m  swine  for  the 
prevention  and  treatment  of  bacterial 
enteritis  (necrotic  enteritis,  necro,  black 
scours),  or  vibrionic  (blcxxly)  dysen¬ 
tery;  and  for  growth  promotion  and  feed 
efficiency. 

Furaltadone.  (NF-260)  was  approved 
in  1962  for  treatment  of  mastitis  in  dairy 
cattle  through  injections  into  the  mam¬ 
mary  gland. 

Nihydrazone  (NF-64)  was  approved  in 
1963  for  use  in  medicated  chicken  feeds 
for  prevention  of  a  number  of  diseases 
similar  to  those  listed  above  for  furazo¬ 
lidone  (NF-180). 

In  February  and  May  1964,  tw’o  scien¬ 
tists  at  the  University  of  Wisconsin  be¬ 
gan  studies  on  the  -toxicity  to  rats  of 
several  nitrofurans  including  nitrofura¬ 
zone  (NP-7).  By  the  end  of  February 
1965,  both  studies  showed  that  a  sub¬ 
stantial  number  of  mammary  tumors 
had  developed  in  the  rats  fed  nitrofura¬ 
zone  (NP-7) .  Of  44  rats  exposed  to  nitro¬ 
furazone  (NP-7),  35  developed  multiple 
mammary  tumors.  Although  the  results 
did  not  indicate  induction  of  cancer, 
they  did  raise  the  question  of  the  car¬ 
cinogenic  potential  *of  nitrofurans.  In 
April  1965,  the  University  of  Wisconsin 
scientists  met  with  representatives  of 
Norwich  Pharmacal  Co.,  Division  of 
Morton-Norwich  Products,  Inc.,  the  sole 
American  manufacturer  of  the  four  ni¬ 
trofurans  used  in  food-producing  ani¬ 
mals,  to  discuss  their  findings  regarding 
nitrofurazone.  (NF-7).  At  the  suggestion 
of  Norwich,  the  scientists  notified  FDA 
of  tlie  preliminary  results  of  the  study. 

In  June  1965,  FDA,  the  National 
Cancer  Institute  of  the  Department  of 
Health.  Education,  and  Welfare,  Nor¬ 
wich,  and  the  University  of  Wisconsin 
scientists  met  to  discuss  the  findings  of 
the  University  scientists.  Following  the 
discussions,  Norwich  began  two  studies 
of  the  effect  of  long-term  feeding  of  ni¬ 
trofurans  including  furazolidone  (NF- 
180),  furaltadone  (NF-260),  nitrofura¬ 
zone  (NP-7),  and  nihydrazone  (NP-64) 
to  rats.  Reports  on  these  two  studies 
were  prepared  in  October  1966,  and  Jan¬ 
uary  1967,  and  submitted  to  the  Bureau 
of  Veterinary  Medicine  as  part  of  a  June 
2, 1967  “Drug  Experience  Report.”  Copies 
of  these  studies  have  been  placed  on  file 
with  the  Hearing  Clerk,  F'ood  and  Drug 
Administration. 

In  the  first  of  the  Norwich  studies,  245 
female  Sprague-Dawley  (Holtzman 
strain)  rats  were  divided  into  7  test 
groups  of  35  rats  each.  A  control  group 
was  fed  a  drug-free  diet  for  53  weeks. 
Each  of  the  other  groups  was  fed  a  diet 
containing  (xie  of  the  nitrofurans  for  45 
weeks  and  a  drug-free  diet  for  8  addi¬ 
tional  weeks  before  the  animals  were 
8acrifiee<L  The  study  showed  ^at  rats 
fed  the  nitrofurans  had  a  significantly 
higher  Incidence  of  mammary  tumors 
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compared  to  control  rats.  The  relative 
mammary-tLunor-inducing  potency  of 
the  nitrofurans  in  this  study  in  decreas¬ 
ing  order  was  furaltad(xie  (NF-260) 
>furazolldone  (NP-180)  >nitrofurazone 
(NP-7)  >nIhydrazone  (NP-64) . 

The  second  Norwich  study  used  280 
Carworth  Farms  (CFE  strain)  rats  which 
were  divided  into  7  test  groups  with  20 
males  and  20  females  in  each  test  group. 
A  control  group  was  fed  a  drug-free  diet 
for  52  weeks.  Each  of  the  other  groups 
was  fed  a  diet  containing  one  of  the  ni¬ 
trofurans  for  45  weeks  and  a  drug-free 
diet  for  7  additional  weeks.  This  study 
also  showed  a  higher  incidence  of  mam¬ 
mary  tumors  in  the  female  rats  in  each 
of  the  groups  fed  the  nitrofurans  when 
compared  to  female  rats  in  the  control 
group  and  indicated  the  same  relative 
tumor-inducing  potency  seen  in  the  fe¬ 
male  Sprague-Dawley  rats.  No  signifi¬ 
cant  effects  on  tumor  development  were 
noted  in  the  male  rats. 

In  February  1967,  Hess  &  Clark,  cur¬ 
rently  a  Division  of  Rhodia,  Inc.,  which 
markets  the  four  nitrofurans  used  in 
food-producing  animals,  submitted  a 
“Drug  Experience  Report”  to  the  Bureau 
of  Veterinary  Medicine  containing  a  re¬ 
port  of  a  2-year  chronic  toxicity  study  of 
furazolidone  (NP-180)  in  rats.  In  this 
study,  60  rats  were  divided  into  3  groups, 
each  consisting  of  10  male  and  10  female 
rats.  One  group  was  fed  a  furazolidone- 
free  control  diet;  the  diets  for  the  other 
groups  contained  two  levels  of  furazoli¬ 
done  (NF-180).  Results  of  the  study 
showed  that  there  were  three  times  as 
many  tumors  in  rats  fed  fui-azolldone 
(NP-180)  at  a  level  of  .01%  in  the  diet 
when  compared  to  rats  in  the  control 
group. 

In  June  1969,  PDA  submitted  the  ques¬ 
tion  of  the  carcinogenicity  of  nltrofuran.s 
to  the  Interdepartmental  Technical 
Panel  on  Carcinogens  (the  Panel)  for  re¬ 
view.  The  Panel  incuded  representatives 
from  FDA,  the  National  Crnicer  Institute, 
and  the  UJ3.  Department  of  Agriculture. 
After  reviewing  the  studies  submitted  by 
the  University  of  Wisconsin  scientists, 
Norwich,  and  Hess  &  Clark,  the  Panel  re¬ 
ported  to  the  Commissioner  of  Food  and 
Drugs  on  August  14,  1969,  that  It  had 
concluded  that  the  four  nitrofurans  used 
in  f(x>d-producing  animals  induce  mam¬ 
mary  tumors,  but  that  evidence  was  in¬ 
adequate  to  make  a  definitive  decision  on 
the  potenticd  of  these  nitrofurans  to  in¬ 
duce  cancer.  The  Panel  recommended 
that  chronic  toxicity  studies  of  at  least 
18  months  duration  in  male  and  female 
rats  and  mice  be  performed,  that  studies 
be  performed  on  the  storage  and  locali¬ 
zation  of  the  drug  and  its  metabolites  as 
a  function  of  time  in  rats  and  mice,  and 
that  regulations  be  Issued  requiring  that 
the  nitrofurans  be  withdrawn  from  ani¬ 
mal  feed  for  21  dto^s  before  slaughter  to 
prevent  transmission  of  metabolites  to 
humans. 

On  August  26,  1969,  the  Bureau  of 
Veterinary  Medicine  asked  Norwich  by 
letter  fCH:  additional  data  on  metabolites 
of  furazolidone  (NF-180)  in  food-pro¬ 
ducing  animals.  Norwich  Informed  the 
Bureau  by  letter  In  October  1969,  that 
it  was  working  on  a  method  of  analysis 
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for  two  postulated  funueoUdone  metabol¬ 
ites,  NF-362  and  NF-682,  and  promised 
to  submit  the  data  as  soon  as  the  methods 
were  completed. 

Because  the  Pand  had  been  unable  to 
determine  whether  nitrofurans  are  car- 
cinogmic,  an  Ad  Hoc  Committee  (the 
committee)  was  established  by  the  FDA 
in  December  1969.  The  committee  was 
composed  of  (me  member  of  the  Eppley  * 
Institute  for  Research  in  Cancer,  Uni¬ 
versity  of  Nebra^a.  and  two  members 
from  the  National  Cancer  Institute,  one 
of  whom  had  been  a  member  of  the 
Panel.  Since  the  question  posed  to  the 
committee  was  whether  nitrofurans  are 
carlnogenic,  the  committee  did  not  review 
the  residue  data  in  food-produdns  ani¬ 
mals  available  at  that  time.  No  formal 
committee  report  was  issued  evaluating 
the  existing  tumorlgenic  data  on  nitro¬ 
furans,  but  ea(h  member  submitted  a 
separate  report.  The  two  committee 
members  from  the  National  Cancer  In¬ 
stitute  advised  FDA  by  letter  in  January 
1970  that  nitrofurans  should  not  be  in¬ 
gested  by  people  for  any  extended  pe¬ 
riod  ot  time  imtil  additional  chronic 
toxicity  testing  had  been  ccxnideted. 
They  approved  of  the  continued  use  of 
the  drugs  in  animals  with  the  5-day 
withdrawal  period  providing  data  were 
availaUe  to  show  that  residues  were  neg- 
liglUe.  Chi  Jime  5,  1970,  the  committee 
member  from  the  Eppley  Institute  noti¬ 
fied  FDA  that  he  had  concluded  that  all 
four  nitrofurans  were  carcinogenic. 

During  1970,  FDA  reviewed  the  toxi¬ 
city  and  residue  studies  submitted  by 
the  University  of  Wisconsin  scientists, 
Norwich,  and  Hess  6  Clark,  together 
with  the  recommendations  of  the  Panel 
and  the  committee. 

In  January  1971,  Norwich  and  Hess  It 
Clark  submitted  supplemental  NADA's 
for  their  nitrofuran  pioducts  requesting 
that  the  labels  be  amended  to  inovlde 
withdrawal  periods  for  swine,  turkeys, 
and  chickens,  and  longer  withdrawal  pe¬ 
riods  for  dairy  cattle.  The  companies 
prc^Msed  that  the  regulaUcms  be 
ammded  to  require  that  (1)  swine,  tur¬ 
keys.  and  chickens  be  withdrawn  from 
furaaolidone  (NF-180>  and  nitrofura- 
zone  (NF-7)  5  days  before  slaughter,  (2) 
chickens  be  withdrawn  frcun  nlhydra- 
zone  (NF-64)  4  days  before  slausditer, 
and  (3)  dairy  cattle  be  withdrawn  from 
furaltadone  (NF-260>  48  hours  bef(MW 
their  milk  is  used  for  food  purposes.  The 
supplemental  NADA’s  also  proposed  that 
several  uses  of  nitrofurans  be  dimin- 
atecL  Use  of  furazolidone  (NF-180)  in 
the  feed  of  laying  hens  and  rabbits  was 
dieted  from  furazolidone  (NF-180) 
labels,  and  a  warning  not  to  feed  furazo- 
lldcme  (NF-180)  to  replacement  chick¬ 
ens,  Le.,  those  chkkens  bring  raised  to 
become  laying  hens,  over  14  werics  of  age 
was  added  to  the  labris. 

The  Bureau  of  Veterinary  Medicine 
told  Norwich  and  Hess  li  Clark  that 
under  current  agency  policy  it  could  not 
sqwove  the  siQiidemental  NADA’s  until 
the  question  of  the  safety  nitrofurans 
was  resolved,  but  It  agreed  to  the  use 
of  ttie  revised  labels  tn  the  interim.  Hess 
li  Caark  and  Norwich  Infonned  FDA  by 


letters  dated  January  7  and  8.  1971,  re¬ 
spectively.  that  they  were  revising  the 
labels  of  their  nltroliiran  products  in  ac¬ 
cordance  with  the  proposed  supplemen¬ 
tal  NADA’s.  Norwich  also  made  a  com¬ 
mitment  to  develop  a  method  fen:  detect-^ 
Ing  nitrofuran  residues  that  would  be 
sensitive  to  2  piurts  per  billion  (ppb)  in 
edible  tissue  and  0.2  imb  in  milk. 

The  Food  and  Drug  Administration 
Issued  notices  of  opportunity  for  hearing, 
published  in  the  Fedkeal  Rbgistkb  of 
March  31,  1971  (36  FR  5926  and  5927) 
proposing  to  withdraw  approval  of 
NADA’s  for  nlhydrazone  (NF-64)  and 
nltrofurazone  (NF-7).  Elach  of  the  no¬ 
tices  stated; 

Information  available  to  the  Commis¬ 
sioner  establishes  that  the  drugs,  when  ad¬ 
ministered  to  laboratory  animals,  have  been 
shown  to  produce  tumms.  The  drugs  are, 
therefore,  not  considered  to  be  safe  for  use 
In  the  absence  of  appr<9rlately  aenaitive 
methods  of  analysis  to  establish  their  ab¬ 
sence  In  food  delved  from  treated  animals. 

Joint  requests  for  hearing  on  both 
nltrofurazone  (NF-7)  and  nlhydrazone 
(NF-64)  were  filed  by  Norwich  and  Hess 
&  CHark.  In  addition,  Pharm-House,  Inc., 
submitted  a  method  for  the  determina¬ 
tion  of  trace  amounts  of  nltrofurazone 
(NF-7)  in  milk  which  it  indicated  could 
detect  nltrofurazone  (NF-7)  levels  down 
to  2  i^.  Because  milk  may  be  the  total 
daily  diet  of  infants,  FDA  does  not  con¬ 
sider  2  ppb  adequately  sensitive  for  the 
detection  of  nltrofurazcMie  (NF-7)  in 
milk.  Therefore.  thiS  method  has  not 
been  evaluated. 

The  Food  and  Drug  Administration  is¬ 
sued  notices  of  (^portunlty  for  hearing, 
published  in  the  Fedkbal  Register  of  Au¬ 
gust  4,  1971  (36  FR  14343)  proposing 
to  withdraw  approval  of  NADA’s  for  fu¬ 
razolidone  (NF-180)  and  furaltadone 
(NF-260).  ’The  reason  for  the  proposals 
was  the  same  as  that  stated  in  the  March 
31,  1971  notices  for  nitnrfurazone  (NF- 
7)  and  nlhydrazone  (NF-64),  quoted 
above. 

In  response  to  these  notices,  the  Di¬ 
rector  of  Health  Services  for  Perdue,  Inc. 
submitted  a  letter  in  which  he  stated, 
“PurazoUdone  is  ooe  of  the  most,  if  not 
the  most,  important  single  drug  availa¬ 
ble  to  the  p^try  Industry;  for  which 
there  is  no  suitable  substitute  for  certain 
diseases.**  The  Director’s  concern  is  dis¬ 
cussed  in  the  FDA  Infiaticm  Impact  state¬ 
ment  siunmaiized  in  the  proposal  pub¬ 
lished  elsewhere  in  this  issue  of  the  Fed¬ 
eral  Register. 

Norwich  and  Hess  li  Clark  responded 
to  the  August  4,  1971,  notices  by  again 
filing  recniests  for  hearing.  Norwich  as¬ 
sured  that  it  had  adequate  methods  of 
analysis  to  determine  residues  and  ade¬ 
quate  data  to  show  that  no  residue  would 
result  under  tfie  currently  labeled  condi¬ 
tions  of  use. 

In  addition,  Norwich  set  forth  a  hy¬ 
pothesis  that  nitrofurans  arere  not  pri¬ 
mary  tumorlgens  but  stimulated  spon¬ 
taneous  tumor  growth  by  disrupting  the 
nonxud  hormone  balance. 

Norwich  has  continued  to  submit  data 
pertaining  to  the  use  of  furamUdone 
(NF-180)  in  f(x>d-produclng  animals. 


The  Food  and  Drug  Administration  has 
determined  that  the  new  data  demon¬ 
strate  that  furazolidone  (NF-180)  is  car¬ 
cinogenic  in  test  animals  and  that  the 
firm  has  failed  to  submit  an  adequate 
method  of  analysis  to  assure  the  ab^nce 
of  residues  in  fo<xl  for  humans.  The  Di¬ 
rector  is  withdrawing  the  August  4,  1971 
notice  of  opportunity  for  hearing  on  the 
proposed  withdrawal  of  approval  of  cer¬ 
tain  uses  of  furazolidone  (NF-180)  <« 
grounds  that  it  was  tumorlgenic  and 
thwefore  unsafe,  and  is  issuing  this  new 
nc^ice  proposing  withdrawal  of  approval 
imder  section  512(d)  (1)  (H)  of  the  Fed¬ 
eral  F(x>d,  Drug,  and  Cosmetic  Act,  on 
grounds  that  it  is  carcinogenic  and  no 
adequate,  reliable,  and  practk»ible 
meth(xi  of  analysis  is  available  for  moni¬ 
toring  food  to  assure  that  there  are  no 
residues  attributable  to  the  use  of  fura¬ 
zolidone  (NF-180). 

Section  512(d)(1)(H)  of  the  act  re¬ 
quires  that  FDA  shall  refuse  to  approve 
a  drug  if  the  Secretary  finds  that  “such 
drug  induces  cancer  when  Ingested  by 
man  or  animal  or,  after  tests  which  are 
appropriate  for  the  evaluation  of  the 
safety  of  such  drug.  Induces  cancer  in 
n.an  or  animal  *  *  However,  section 
512(d)(1)(H)  ot  the  act  permits  ap¬ 
proval  of  the  use  of  a  carcinogen  as  a 
drug  in  animals  if  the  Secretary  (by  dele- 
gaUon  under  S  2.120  (21  CFR  2.120)  to 
the  Commissioner  of  Food  and  Drugs) 
finds  that: 

*  *  *  under  the  conditions  of  use  specified 
in  proposed  Ubellng  and  reasonably  certain 
to  be  followed  in  practice  (1)  such  drug  will 
not  adversely  affect  the  animals  for  which 
it  is  intended,  and  (ii)  no  residue  of  such 
drug  will  be  found  (by  methods  of  examina¬ 
tion  prescribed  or  approved  by  the  Secretary 
by  regulations  *  *  * ) .  in  any  edible  portion 
of  such  animals  afW  slaughter  or  in  any 
food  yielded  by  or  derived  frenn  the  living 

it.ntmn.lM  •  •  •, 

On  the  basis  of  all  the  data  now  avail¬ 
able  to  him,  including  the  data  available 
to  FDA  whrii  the  ai^Ucatlons  were  ap¬ 
proved,  and  the  data  subsequently  re¬ 
ceived  on  the  basis  of  which  the  1971  no¬ 
tice  was  issued,  and  the  new  data  sub¬ 
mitted  since  1971  by  Norwich,  the  Direc¬ 
tor  has  ccmcluded  that  the  continued  use 
of  furazolidone  (NF-180)  in  food-pro¬ 
ducing  animals  is  contrary  to  section  512 
(d)  (1)  (H)  of  the  act  in  that: 

(1)  Furazolidone  (NF-180)  is  carcino¬ 
genic.  *rhe  drug  has  been  shown  to  Induce 
cancer  when  ingested  by  animals. 

(2)  Adequate,  reliable,  and  practicable 
methods  ctf  analysis  are  not  available  far 
monitoring  fo(xl  nor  can  conditions  of 
use  be  specified  in  the  labeling  to  assure 
that  there  are  no  residues  attributable  to 
the  use  of  furazolidone  (NF-180) . 

*rhe  data  <m  which  these  conclusions 
are  based  sire  presented  in  the  succeed¬ 
ing  sections  of  this  notice. 

I.  Furazolidone  Is  Carcinogenic 

Data  submitted  by  Norwich  since  1971 
include  the  following  four  chronic  toxic¬ 
ity  studies  designed  to  assess  the  tu- 
morigenlc  effects  of  furazolidone  (NF- 
180)  In  laboratory  anlinals.  These  studies 
Include  two  high-dose  lifetime  feeding 
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studies  in  the  Sprague-Dawley  and  Fis¬ 
cher  rats  using  comparable  protocols,  a 
lower  dose  2-year  feeding  study  in  the 
Sprague-Dawley  rat,  and  a  study  using 
the  Swiss  MBRr-ICR  mouse. 

(1)  Ihe  High-Dose  Sprague-Dawley 
Rat  Study.  “Tumorigenic  Evaluation  of 
NP-180  in  Sprague-Dawley  and  Fischer 
Rats,  Part  I,  Sprague-Dawley  Evalua¬ 
tion,”  Novanber  9,  1973,  Project  No. 
475.09D,  NADA  9-393,  Vol.  10.  From  cover 
letter  to  FDA  dated  November  12, 1973. 

(2)  The  Fischer  Rat  Study.  “Tumori- 
genesis  Evaluation  of  NP-180  in  Sprague- 
Dawley  and  Fischer  Rats,  Part  11,  Fischer 
344  Evaluation,”  January  31,  1974,  Proj¬ 
ect  No.  475,09D,  NADA  9-393,  Vol.  16. 
From  cover  letter  to  PDA  dated  February 
8.  1974. 

(3)  The  Low-Level  Sprague-Dawley 
Rat  Study.  “Chronic  Toxlcopathologic 
Safety  Study  (Two-years  of  NP-180  in 
Rats) ,”  Pinal  Report,  November  9,  1973, 
Project  No.  475.09C,  NADA  9-393,  Vol.  12. 
Prom  cover  letter  to  FDA  dated  Novem¬ 
ber  12,  1973. 

(4)  The  Mouse  Study.  “Tumorigenesis 
Evaluation  of  NF-180  in  Mice,”  (23 
months)  Final  Report,  Norwich  Phar- 
macal  Co,,  January  31,  1974,  Project  No. 
375.09E,  NADA  9-393,  Vol.  18.  Prom  cover 
letter  to  J^A  dated  February  8,  1974. 

Tumors  develop  spontaneously  in 
animals,  including  humans,  as  they  age. 
To  determine  if  the  development  of 
tumors  is  related  to  a  drug  exposure,  rats 
are  divided  into  different  groups,  all  but 
one  of  which  receive  different  dose  levels 
of  the  drug.  Statistical  analyses  are  per¬ 
formed  on  the  data  to  see  whether  there 
is  an  increased  incidence  in  the  number 
of  animals  that  develop  tmnors  in  any 
one  of  the  treated  groups  compared  to 
imtreated  animals  (controls),  and  to  see 
if  there  is  an  Increase  in  the  number  of 
tumors  in  each  of  the  treated  animals 
(tumor  multiplicity)  as  compared  to 
controls. 

As  further  evidence  that  any  statis¬ 
tically  significant  difference  in  tumors  in 
any  treatment  group  as  compared  to  con¬ 
trols  is  drug-related,  the  dose-response 
relationship  is  examined  and  mathe¬ 
matically  described.  In  this  examination 
the  results  from  all  dose  groups  are  sta¬ 
tistically  used  to  see  if  Increas^  amounts 
of  drug  exposure  result  in  a  correspond¬ 
ing  increase  in  tiunor  development.  If  it 
does,  this  is  considered  a  significant  dose- 
response.  When  the  dose-response  rela¬ 
tionship  is  significant  and,  in  addition, 
there  are  no  significant  departures  from 
linearity,  this  is  conclusive  evidence  that 
there  is  drug-related  tumorlgenicity. 

The  statistical  analyses  on  tumors  are 
performed  to  determine  if  there  are  dif¬ 
ferences  related  to  the  following:  sex, 
malignancies,  incidence  based  on  all 
tumors  (malignant,  benign,  or  malignant 
and  benign  combined) ,  and  tumor  multi¬ 
plicity  either  In  malignancies  alone  or  all 
tumors  ccHubined. 

Since  drugs  may  Induce  the  concur¬ 
rent  development  of  both  benign  and 
malignant  tumors,  analysis  of  change  in 
benign  tumors  alone  with  dose  may  pro¬ 
vide  additional  supporting  evidence  that 


a  neopla.stic  response  at  low  dose.s  is  re¬ 
lated  to  carcinogenic  properties  of  the 
compound  that  are  only  evident  in  the 
bioassay  at  higher  doses. 

A  tumorigen  may  result  in  the  develop¬ 
ment  of  a  sepciflc  type  of  tumor  or 
tumors  at  a  specific  body  site,  or  the 
tumorigenic  response  may  be  one  of  a 
general  increase  in  tumors,  not  type-  or 
site-specific  (random  tumor  induction). 
Therefore,  the  statistical  analysis  may 
also  include  a  comparison  of  subgroups 
of  data  to  determine  if,  for  example, 
there  is  a  site-specific  effect  without  an 
effect  on  random  tumor  induction. 

Mortality  is  also  examined  to  deter¬ 
mine  if  the  drug  has  an  effect  on  life¬ 
span  shortening.  Since  the  development 
of  cancer  involves  a  period  of  latency, 
and  dose  is  important  not  only  in 
whether  or  not  cancer  occurs  but  also  in 
the  length  of  the  latency  period,  an  effect 
on  mortality  must  be  taken  Into  con¬ 
sideration  in  the  overall  interpretation 
of  results.  Of  course,  shortening  of  life¬ 
span  alone,  whether  or  not  it  is  related  to 
the  development  of  tumors,  is  a  signifi¬ 
cant  effect  not  to  be  overlooked  in  the 
toxicological  evaluation. 

A  discussion  of  the  four  chronic  tox¬ 
icity  studies  follows.  In  each  study,  all 
tumor  results  were  based  on  histopa- 
thology  findings  unless  otherwise  speci¬ 
fied.  In  the  discussion,  the  terms  “in¬ 
duce”  and  “significant”  are  used  only  if 
the  conclusion  is  based  on  statistical  evi¬ 
dence  at  a  confidence  level  of  95%  or 
better.  Although  the  term  “tumor”  has 
broad  meaning  including  any  swollen 
mass,  in  this  notice  the  term  “tumor”  is 
used  only  as  a  synonym  for  “neplasm” 
and  designates  any  new  or  abnormal 
growth.  When  the  term  “tumor”  is  used 
without  a  modiffer  to  designate  whether 
the  neoplasm  is  benign  or  malignant, 
the  term  means  all  tumors  combined,  l.e., 
malignant,  benign,  or  both  benign  and 
malignant  in  the  same  animal.  In  most 
cases,  animals  with  malignant  tumors 
also  have  benign  tumors. 

(1)  The  High-Dose  Sprague-Dawley 
Rat  Study.  Four  hundred  Sprague-Daw¬ 
ley  rats  of  the  Charles  River  strain  ap¬ 
proximately  2  months  of  age  were  di¬ 
vided  into  4  groups  of  SO  male  and  50 
female  rats  each.  A  control  group  was 
fed  a  furazolidone-free  diet.  The  diet  of 
the  three  other  groups  contained  fura¬ 
zolidone  in  the  feed  at  levels  of  0.025% 
(250  parts  per  million  (ppm)),  0.05% 
(500  ppm) ,  and  0.1%  (1,000  ppm)  for  ap¬ 
proximately  18  months  (553  days).  All 
groups  of  rats  were  then  maintained  on 
the  furazolidone-free  diet  until  mortality 
in  each  group  reached  90%,  at  which 
time  the  remaining  10%  were  sacrificed. 
This  was  approximately  13  months  after 
the  drug  was  withdrawn  from  the  diets 
of  the  animals. 

In  this  study,  and  also  in  the  other  two 
rat  studies,  there  was  a  marked  sex  dif¬ 
ference  in  the  development  of  tumors 
and  types  of  tumors.  The  primary  tumor 
effect  observed  in  the  Sprague-Dawley 
female  rat  was  in  the  mammary  glands. 
Furazolidone  induced  malignant  mam¬ 
mary  tumors  in  the  female  rats.  There 


was  also  a  concurrent  induction  of  be¬ 
nign  mammary  tumors.  There  were  in¬ 
creases  in  both  the  numbers  of  fonale 
rata  with  mammary  tumors  and  the 
number  of  mammary  tumors  per  animal 
(tumor  multiplicity).  In  the  nude  rats 
no  significant  effects  were  observed  in  the 
mammary  gland,  but  there  was  an  in¬ 
duction  of  random  nonmammary  tumors 
with  no  one  type  singularly  significant. 
No  significant  drug-related  effects  based 
on  the  analysis  of  malignancies  alone 
were  seen  in  the  male  rats.  Furazolidone 
had  a  significant  effect  on  mortality,  re¬ 
ducing  the  lifespan  of  both  the  male  and 
female  rats. 

The  relevant  facts  related  to  these 
findings  are  as  follows; 

The  number  of  female  rats  with  malig¬ 
nant  mammary  tumors  increased  as  the 
dose  levels  Increased,  and  the  dose-re¬ 
sponse  relationship  was  linear  and  sig¬ 
nificant  (p<.01).  At  the  highest  dose 
level  (0.1%),  the  proportion  of  female 
rats  with  malignant  tumors  was  signif¬ 
icantly  increased  (p<.05)  when  com- 
I>ared  with  the  control  rats  on  the  fura¬ 
zolidone-free  diet. 

Furazolidone  also  concurrently  induced 
benign  mammary  tumors  In  female  rats. 
When  the  proportion  of  treated  rats  with 
only  benign  tumors  was  compared  with 
controls,  the  increase  was  significant  at 
the  0.025%  dose  level  (p<0.2)  and  the 
0.05%  dose  level  (p<,01).  However,  no 
significant  increase  occurred  in  the 
high-dose  group  where  the  increase  in 
the  proportion  of  rats  with  malignancies 
was  signficant.  The  proportion  of  female 
rats  with  only  benign  mammary  tumors 
showed  a  significant  regression  with  log 
dase,  but  there  were  departures  from 
linearity  due  to  the  tumor  response  at 
the  high  dose. 

At  all  dose  levels,  the  proportion  of 
female  rats  with  mammary  tumors  was 
significantly  increased  (p<.05)  when 
compared  with  controls.  The  analysis  on 
multiplicity  of  mammary  tumors  in  fe¬ 
male  rats  indicated  a  significant  increase 
in  the  proportion  of  rats  with  multiple 
mammary  tumors  for  the  low  and  mid¬ 
dose  levels  (p<.05)  compared  to  controls, 
when  pair-wise  chi-square  tests  were 
conducted  for  animals  developing  tvo 
or  more,  three  or  more,  and  four  or  more 
tumors. 

Although  furazolidone  did  not  induce 
tumors  in  the  mammary  glands  of  male 
rats,  it  did  cause  a  random  induction  of 
tumors  in  other  parts  of  the  body.  The 
proportion  of  male  rats  which  developed 
nonmammary  tumors  at  the  0.1%  dose 
level  was  significantly  increased  (p<.05,> 
compared  to  controls.  The  nonmammary 
tumor  development  showed  a  significant 
linear  dose  response  (p<.05).  The  non¬ 
mammary  tumors  included  squamous  cell 
carcinoma,  dermal  fibroma,  pituitary 
neoplasms  and  lymphoreticular  neo¬ 
plasms,  Including  such  cancers  as  leu¬ 
kemia  and  lymphosarcomas,  with  no  one 
type  or  site  singularly  significant. 

Furazolidone  had  a  drug-related  effect 
on  mortality.  An  assessment  of  mortality 
when  furazolidon  treatment  was  discon¬ 
tinued  after  18  months  revealed  a  sig¬ 
nificant  increase  (p<.05)  at  the  0.05% 
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and  0.1%  dose  in  males  and  at  the  0.1% 
dose  in  females.  At  26  months  there  was 
a  significant  effect  on  early  mortality  in 
males  at  the  0.1%  dose  <p<.05)  and  in 
females  at  the  0.05%  dose  (p<.01)  and 
at  the  0.1%  dose  (p<.02> . 

The  Director  concludes  on  the  basis  of 
these  results  that  furazolidone  is  a  dem¬ 
onstrated  carcinogen  in  the  Sprague- 
Oawley  rat,  based  on  the  significant  in¬ 
crease  in  the  proportion  of  female  rats 
at  the  0.1%  dose  level  with  malignant 
mammary  tumors  as  compered  to  con¬ 
trols.  and  the  significant  linear  dose  re¬ 
sponse  in  malignant  mammary  tumor 
development.  He  further  concludes  that 
the  tumorigenic  effects  of  furazolidone 
are  not  limited  to  the  mammary  gland 
but  include  effects  on  the  combined  in¬ 
crease  in  benign  and  malignant  non- 
mammary  tumors  in  male  rats.  He  also 
concludes  that  furazolidone  resulted  in 
early  mortality  in  both  male  and  female 
rats. 

(2)  The  Fischer  Rat  Study.  Pour  hun¬ 
dred  rats  of  the  Fischer  344  strain,  ap¬ 
proximately  2  months  of  age,  were  di¬ 
vided  into  4  groups  of  50  male  and  50 
female  rats  each.  A  control  group  was 
fed  a  furazoUdone-free  diet.  The  diet  of 
the  three  other  groups  contained  fura- 
olidone  in  the  feed  at  levels  of  0.025% 
<250  ppm).  0.05%  (500  ppm),  and  0.1% 
(1,000  ppm)  for  20  months.  All  groups  of 
rats  were  then  maintained  on  the  fura¬ 
zolidone-free  diet  until  mortality  in  each 
group  reached  90%,  at  which  time  the 
remaining  10%  were  sacrificed.  This  was 
approximately  11  months  after  the  drug 
was  withdrawn  from  the  diets  of  all  the 
animals. 

In  this  study,  as  in  the  other  two  rat 
studies,  there  were  sex  differences  in  the 
development  of  tumors  and  types  of  tu¬ 
mors.  The  primary  effect  seen  In  the 
Fischer  female  rats  was  the  development 
of  tumors  in  the  mammary  gland.  Fura¬ 
zolidone  induced  malignant  mammary 
tumors  in  the  female  rats  at  the  highest 
dose  and  had  a  significant  effect  on  both 
the  number  of  female  rats  which  devel¬ 
oped  mammary  tumors  and  in  the  multi¬ 
plicity  of  mammary  tumors  in  the  female 
rats  as  compared  to  controls.  Furazoli¬ 
done  also  induced  other  specific  non¬ 
mammary  tumors  In  both  males  and  fe¬ 
males  Including  tumors  in  the  thyroid 
and  sweat  glands.  Although  no  mam¬ 
mary  tumor  effect  occurred  in  the  male 
rats,  there  was  an  effect  at  the  highest 
dose  on  the  occurrences  of  mesothelioma 
in  the  scrotal  sack  and  in  the  appearance 
of  basal  cell  epitheliomas.  Mesothelioma 
are  cancerous  cells  of  the  body  cavity  lin¬ 
ings,  e.g.,  pleura,  peritoneum,  and  peri¬ 
cardium.  In  the  male  these  cancerous 
cells  tend  to  gravitate  to  the  scrotal  cav¬ 
ity  where  their  detection  is  generally 
most  readily  observecL  Basal  cell  epithe¬ 
liomas  are  skin  tumors  and  low  grade 
cancers  which  usually  do  not  metasta¬ 
size.  There  was  also  a  drug-related  effect 
on  mortality  in  both  sexes. 

The  rdevant  facts  related  to  these 
findings  are  as  follows: 

The  proportion  of  female  rats  with 
malignant  mammary  tumors  at  the  0.1% 
doM  level  was  significantly  Increased 
(p<.05)  over  controls.  Malignant  mam¬ 


mary  tumors  were  diagnosed  only  in  fe¬ 
male  rats  given  the  highest  dose  of 
furazoUdcme. 

At  all  dose  levds,  the  proportion  of 
female  rats  with  mammary  tumors  was 
significantly  increased  (p<.01)  over  con¬ 
trols.  There  was  a  significant  relation¬ 
ship  between  the  amount  of  dose  and  the 
proportion  of  rats  with  mammary  tu¬ 
mors.  However,  there  was  significant  de¬ 
parture  from  linearity  in  that  there  was 
a  leveling  off  of  the  effect  at  the  hieh- 
dose  level,  possibly  due  to  Increased  mor¬ 
tality.  The  proportion  of  female  rats  with 
multiple  mammary  tumors  was  signifi¬ 
cant  (p<.01)  for  all  treatment  groups 
compared  to  controls. 

There  was  no  significsmt  difference  in 
the  proportion  of  furazolidone-treated 
male  rats  with  mammary  tumors  when 
compared  with  controls. 

There  were  other  specific  tumors  in 
males  and  females  that  were  signifi¬ 
cantly  increased  (p<0.05)  by  furazoU- 
d<me  expKisure.  Thyroid  adenomas  were 
significantly  increased  in  both  males  and 
females  at  the  0.05%  and  0.1%  dose 
levels.  Sebaceous  adenomas  were  sigmifi- 
cantly  increased  in  males  at  the  0.05% 
dose  level  and  in  both  males  and  females 
at  the  0.1%  dose  level.  Testicular  meso¬ 
theliomas  and  basal  cell  epitheliomas 
were  significantly  increased  in  males  at 
the  0.1  %  dose  level. 

Furazolidone  had  an  effect  on  mor¬ 
tality  which  was  significant  (p<.05)  in 
the  females  at  the  0.1%  dose  level  and  in 
the  males  at  the  0.05%  and  0.1%  dose 
levels.  The  dose-r^ponse  relationship 
on  early  mortality  was  significant  and 
linear  for  both  males  and  females. 

The  Director  concludes  on  the  basis 
of  these  results  that  furazolidone  is  a 
demonstrated  carcinogen  in  the  Fischer 
rat  based  on  the  significant  Increase  in 
the  proportion  of  female  rats  at  the  0.1  % 
dose  level  with  malignsmt  mammary  tu¬ 
mors  and  the  significant  Increase  in  tes- 
ticuar  mesotheliomas  in  the  male  rates  at 
the  0.1%  dose  level  as  compared  to  con¬ 
trols.  He  £dso  concludes  that  furazolidone 
resulted  in  early  mortality  in  both  male 
and  female  rats. 

(3)  The  Low-Level  Sprague-Dawley 
Rat  Study.  Three  himdred  twenty 
Sprague-Dawley  rats  of  the  Charles 
River  strain  approximately  2  months  old 
were  divided  into  4  groups  of  40  male 
and  40  female  rats  each.  A  control  group 
was  fed  a  fiuwzolidone-free  diet.  The 
treated  rats  were  given  furazolidone  in 
the  feed  at  dose  levels  of  1,  5.  15  milli¬ 
grams/kilograms  of  body  welght/day. 
The  concentration  of  furazolidone  in  the 
diet  was  increased  as  the  animals  con¬ 
tinued  to  grow.  From  the  266th  day  on, 
the  dose  levels  in  the  diet  were  0.0025% 
(25  ppm),  0.0125%  (125  ppm),  and 
0.0375%  (375  ppm) .  Drug  treatment  was 
continuous  throughout  the  experiment, 
which  was  terminated  after  2  years  (731 
days). 

Fhrazolidone  treatment  affected  the 
total  development  of  tumors  in  the  fe¬ 
male  Sprague-Dawley  rats,  which  in¬ 
cluded  increases  in  both  the  numbers  of 
female  rats  with  turnons  and  in  the  mul¬ 
tiplicity  of  tumors  in  the  rats  as  com¬ 
pared  with  controls.  Although  at  the  end 
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of  the  experiment  there  were  no  signif¬ 
icant  effects  in  either  males  or  females 
in  the  number  of  rats  with  tumors  based 
on  any  one  tumor  site  to  type  alone,  the 
data  on  tumor  palpation  (examination 
by  touch  and  feel)  Indicated  that  fura¬ 
zolidone  increased  the  onset  time  of 
mammary  tumor  development  in  the  fe¬ 
male  rat.  No  drug  effect  on  tiunor  devd- 
opment  at  the  dose  levels  in  this  study 
occurred  in  the  male  rats.  In  addition  to 
the  induction  of  tumors,  furazolidone  had 
a  significant  effect  on  mortality  in  the 
female  rats. 

The  relevant  facts  related  to  these 
findings  are  as  follows; 

There  was  a  significant  (p<.05)  linear 
dose-response  relationship  for  the  num¬ 
ber  of  female  rats  with  tumors,  with  a 
significant  increase  (p<.05)  in  the  pro¬ 
portion  of  female  rats  at  the  0.0375% 
dose  level  with  tumors  in  comparison 
with  females  in  the  control  group.  The 
majority  of  tiunors  observed  were  in  the 
mammary  gland.  In  addition  to  the 
mamary  tumors,  pituitary  adenomas  and 
lymphoreticular  neoplasms,  including 
leukemia,  Isrmphosarcoma  and  reUculmn 
cell  sarcoma,  were  diagnosed. 

An  analysis  of  the  Incidence  of  multiple 
mammary  tiunors  in  female  rats  showed 
a  significant  increase  (p<.05)  for  both 
the  0.0125%  and  0.0375%  dose  groups 
compared  to  controls  with  a  signi¬ 
ficant  linear  dose-response  relationship 
(p<.05). 

Based  on  the  sponsor’s  data  of  tumor 
palpation  prior  to  termination  of  the 
experiment  furazolidone  caused  early 
onset  time  of  mammary  tumor  develop¬ 
ment  in  the  female  rats.  At  16  months 
there  was  a  significant  increase  (p  <  .05) 
in  the  number  of  female  rates  with 
mammary  tumors  at  the  0.0375%  dose 
level  compared  with  controls.  There  was 
also  a  significant  linear  dose  response  for 
mamary  tumor  development  in  females 
over  the  first  16  months  of  the  study. 

There  were  no  significant  differences 
based  on  the  analysis  of  malignant  tu¬ 
mors  alone  in  either  male  or  female  rats 
in  fills  study. 

Mortality  for  the  first  20  months  was 
significantly  (p<.05)  increased  in  fe¬ 
males  at  the  0.0375%  dose  level  when 
compared  to  the  controls.  For  the  24- 
month  period,  mortality  was  significant¬ 
ly  (p<.05)  Increased  in  female  rats  at  the 
0.0125%  and  0.0375%  dose  levels  emn- 
pared  to  controls.  The  dose-response  ef¬ 
fect  on  mortality  in  the  female  rats  was 
significant  (p<.05)  with  no  significant 
departures  from  linearity.  No  significant 
differences  in  mortality  were  seen  in  the 
male  rats. 

Norwich  claims  this  study  demonstrate 
that  the  0.0025%  level  of  exposure  was  a 
“no-effect"  dose  for  the  female  rats  and 
that  0.0375%  was  a  “no-effect"  dose  for 
the  male  rats. 

The  Director  concludes  from  the  re¬ 
sults  of  this  study  that  furazolidone  has 
a  significant  linear  dose-related  effect  in 
female  rats  with  respect  to  the  propor¬ 
tion  of  rats  with  tumors  of  all  types  com¬ 
bined,  the  incidence  of  multiple  mam¬ 
mary  tumors,  and  early  mortality.  For 
this  reas(m,the  Director  rejects  Norwich’s 
claim  that  the  0.0025%  level  of  exposure 
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was  a  "no-effecf*  dose  for  the  female 
rats.  He  concludes  that  a  more  conserra- 
tive  approach  to  the  estimation  of  a  *'no> 
effect**  level  oi  exposure  Is  required. 

(4)  The  Mouse  Study.  Four  hundred 
Swiss  MBR/ICR  mice  approximately  2 
months  of  age  were  divided  into  4  groups 
of  50  male  and  50  female  mice  each.  A 
control  group  was  fed  a  furasolidone- 
free  diet.  The  diet  of  the  three  other 
groups  contained  furazolidone  in  the  diet 
at  levels  of  0.0075%  (75  ppm).  0.015% 
(150  ppm),  and  0.03%  (300  ivm)  re¬ 
spectively  for  18  months.  All  groups  oi 
mice  were  then  maintained  cm  a  furazoU- 
done-free  diet  for  an  additional  10 
months  before  the  study  was  terminated. 

In  contrast  to  the  rat  studies,  no  sex 
differences  were  seen  In  the  effect  of 
furazolldcme  on  tumor  development  in 
male  and  female  mice.  PinrazoUdone  in¬ 
duced  malignant  tumors  in  both  male 
and  female  mice.  Malignant  lung  tumors 
(bronchial  adenocarcinomas)  were  the 
primary  effect.  Furazolidone  also  resulted 
in  early  mortality  In  both  sexes. 

The  findings  on  which  these  conclu¬ 
sions  are  based  are  as  follows: 

The  proporUcm  of  male  mice  at  the 
0.015%  and  0.03%  dose  and  the  propor¬ 
tion  of  female  mice  at  the  0.03%  dose 
with  bronchial  adenocarcinomas  was 
significantly  increased  compared  to  con¬ 
trols.  m  both  sexes  the  incidence  of  mice 
with  bronchial  adenocarcinomas  showed 
a  significant  linear  dose  response 
(p<.01)  with  no  departures  fnxn 
linearity. 

The  dose-response  relationships  for 
the  Incidence  of  mice  with  malignancies 
of  all  tsHTes  and  also  for  the  incidence 
based  on  all  tumors  were  significant 
(p<.05)  for  both  sexes  with  no  signif¬ 
icant  departmes  from  linearity.  There 
was  a  significant  increase  (p<.05)  in 
both  the  developm^t  of  malignancies 
and  In  the  development  of  benign  and 
malignant  tumors  combined  in  the  male 
mice  at  the  0.03%  and  0.015%  dose  levels 
and  in  the  fonale  mice  at  the  0.03%  dose 
when  compared  to  contrtds. 

The  proportion  of  male  and  female 
mice  with  more  than  one  tumor  each 
was  analyzed.  The  males  at  the  0.03% 
dose  level  had  significantly  more  (p<.05) 
multiple  tumors  than  the  controls  and 
there  was  a  significant  linear  dose-re¬ 
sponse  relationship  fm:  tumor  multlidi- 
cltles  found  in  the  males.  There  were  no 
significant  differences  In  tumor  multi¬ 
plicity  for  the  females. 

Furazolidone  had  an  dfect  on  early 
mortality  in  the  mice.  The  males  at  ttie 
0.03%  dose  level  and  the  females  at  the 
0.015%  and  0.03%  dose  levds  differed 
significantly  (p<.05)  in  survival  time 
from  the  controls.  Both  sexes  showed  a 
significant  dose  response  in  early  mor¬ 
tality  with  no  significant  departure  from 
linearity  (p<.05). 

The  Director  concludes  from  this  study 
that  furazolidone  is  a  carcinogen  in  the 
mouse  as  demonstrated  by  the  significant 
increase  in  the  Incidence  of  mice  with 
bronchial  adenocarcinomas  and  with  all 
malignant  tunum  combined  for  males  at 
the  0.015%  and  0.03%  dose  and  for  fe¬ 
males  at  the  0.03%  dose  compared  with 
controls,  and  by  the  significant  linear 


dose-response  relationships  for  malig¬ 
nancies.  He  further  concludes  that  fur- 
azolid(me  resrilted  hi  early  mortality  in 
both  the  male  and  female  mice. 

NORWICH’S  HORMONAL  HYPOTHESIS 

Prior  to  ctHnpletion  of  lifetime  studies 
discussed  above,  the  only  direct  expad- 
mental  evidence  that  furazolidone  (NF- 
180) ,  nitrofiuazcme  (NF-7) ,  nlhydrazone 
(NF-64)  and  furaltadone  (NF-260)  are 
potential  carcinogens  rested  upon  the 
finding  of  the  induction  of  mammary 
tumors  in  female  rats.  These  tumors 
were  the  same  types  as  those  which  are 
known  to  occur  spcmtaneously  in  the 
aging  rat.  Male  rats  had  not  been  af¬ 
fected  and  there  was  no  increase  of  non¬ 
mammary  tumors  In  females.  However, 
these  studies  had  not  Involved  lifetime 
exposure  to  the  drugs.  In  addition  to 
the  evidence  concerning  these  four  nltro- 
furans,  there  was  evidoice  that  other 
nltrofurans,  e.g.,  2-(2-formylhydrazlne)  - 
4-(5-nitro-2-furyl)-thlazole,  were  tu- 
morlgens  and  that  their  effects  were  not 
limited  to  the  mammary  gland  of  female 
rats. 

m  1969,  Norwich  began  studies  on  the 
“Effects  of  Nltrofurans  on  Steroidogen¬ 
esis  and  Mammary  Hyperplasia.**  Prog¬ 
ress  reports  were  periodically  submitted 
to  FDA.  In  response  to  the  1971  Federal 
Register  notices,  Norwich  made  refer¬ 
ence  to  these  studies  and  claimed  that 
the  nltrofurans  disrupted  the  normal 
hormone  fimction  In  rats  at  the  very 
high  doses  given  In  the  tumorlgenlc  stud¬ 
ies,  and  this  disruption  abnormally 
stressed  the  mammary  gland  and  re¬ 
sulted  In  the  Induction  at  an  early  age 
of  the  types  of  tumors  normally  found 
In  very  old  rats.  Norwich  further  claimed 
that  its  methods  of  analysis  for  residues 
of  the  drug  were  adequately  sensitive  to 
assure  the  absence  of  residues  well  be¬ 
low  the  level  that  would  cause  the  hor¬ 
monal  disruption. 

Norwich  was  requested  by  FDA  to  com¬ 
pile  all  available  data  relating  to  Its 
hormonal  hypothesis  and  to  present  it 
for  evaluation  by  toxicologists  from  the 
Bureau  of  Foods  land  endocrinologists 
from  the  Bureau  of  Drugs  and  the  Na¬ 
tional  institutes  of  Health.  On  Decem¬ 
ber  10, 1973,  Norwich  made  an  oral  pres¬ 
entation  and  submitted  all  of  the  rele¬ 
vant  material  for  review.  Tlie  substance 
of  the  hypothesis  Is  as  follows: 

Norwich  claimed  that  nltrofurans  In¬ 
terfere  with  the  normal  catabolism  of 
the  hormone,  progesterone,  by  the 
adrenal  cortex  to  the  hormone,  corti¬ 
costerone,  and  that  the  female  Sprague- 
Dawley  rat  is  particularly  sensitive  to 
the  drugs’  effect  Corticosterone  acts  on 
the  hypothalamus  to  Inhibit  the  release 
of  another  hormone,  ACTH.  ACTH  Is  the 
tropic  hormone  which  stimulates  the 
adrenal  gland  to  produce  more  proges¬ 
terone.  When  the  nltrofurans  interfere 
with  the  catabolism  of  progesterone  to 
corticosterone,  there  is  less  corticoster¬ 
one  to  Inhibit  the  hypothalamus  and 
the  hypothalamus  reacts  by  secreting 
more  ACTTH,  which  in  turn  prompts  fur¬ 
ther  secretion  of  ixrogestertme  from  the 
adrenal.  Its  conversion  is  blocked  and 


because  the  negative  feedback  loop  is  In¬ 
terrupted,  there  Is  a  resulting  increase 
in  circulating  plasma  progesterone.  The 
progesterone  circulates  through  the  body 
to  the  mammary  gland  where  it  serves 
Its  physiologic  function  of  stimulating 
mammary  growth  and  anatomical  differ¬ 
entiation.  Norwich  suggests  that  when 
a  rat  is  placed  under  the  continuous 
progesterone  stimulation  by  the  mecha¬ 
nism  described,  the  mammary  gland  wlU 
respond  as  If  In  the  first  trimester  of 
pregnancy.  The  result  will  be  repeated 
sxuges  of  r^ld  cellular  division  and 
mammary  differentiation  with  mxKluc- 
tion  of  more  mammary  cells  In  a  given 
time  period  than  would  occur  In  an  ordi¬ 
nary  rat  not  under  the  stress.  Therefore, 
Norwich  speculates  that  the  probability 
is  increased  that  more  spontaneous  tu¬ 
mors  will  be  produced  and  will  occur 
earlier  in  life. 

Norwich  further  contends  that  In  hu¬ 
mans,  unlike  rats,  the  hormone  cortisol 
is  the  primary  mediator  of  ACTH  re¬ 
lease,  and  the  conversion  of  progesterone 
to  cortisol  does  not  require  the  inter¬ 
mediate  synthesis  of  corticostercme. 
Thus,  it  claims  that  if  the  hormonal 
theory  (of  Norwich)  is  correct,  the  proc¬ 
ess  interfered  with  by  high  levels  of  fur¬ 
azolidone  (NF-180)  in  rats  does  not  even 
occur  in  humans. 

Norwich  suggests  that  prolactin  may 
also  be  involved  In  the  tumorlgenlc  re¬ 
sponse.  The  pituitary  cdand  may  be 
stimulated  because  of  the  projected  low 
plasma  corticosterone  levels,  resulting  In 
an  Increased  pituitary  release  of  pro¬ 
lactin.  Therefore,  Norwich  speculates 
that  both  progesterone  and  prolactin 
together  may  induce  h3rpcTplasia  in  the 
mammary  gland  favoring  the  growth  of 
mammary  tumors. 

In  support  of  this  theory,  Norwich 
presented  data  which  It  claimed 
showed  that  the  acute  treatment  of  fe¬ 
male  Sprague-Dawley  rats  with  furazoli¬ 
done  (NF-180)  resulted  In  an  abrupt  rise 
in  circulating  plasma  progesterone. 
Other  data  were  presented  which  showed 
that  furazolidone  (NF-180)  caused  an  in¬ 
crease  In  ova  in  the  ovaries  of  rats  and 
resulted  in  sexual  maturity  at  an  earlier 
age  than  would  normally  occur.  Other 
data  showed  the  Induction  of  an  estrus 
cycle  in  estrogen-primed  rats  who  had 
had  their  ovaries  removed.  Norwich  pre¬ 
sented  data  on  the  study  of  adrenal 
homogenatM  under  In  vitro  conditions 
and  the  effect  of  furazolidone  (NF-180) ; 
it  compared  in  vitro  the  ability  of  nor¬ 
mal  adrenals  taken  from  imtreated 
Sprague-Dawley  and  Fischer  rats  to  uti¬ 
lize  progesterone  in  the  synthesis  of  cor¬ 
ticosterone.  These  two  rat  strains  were 
used  for  the  comparison  because  they 
usually  exhibit  different  spontaneous 
mammary  tumor  rates.  The  normal 
spontaneous  mammary  tumor  Incidence 
in  the  Fischer  femstle  rat  is  usually  lower 
than  that  in  the  Sprague-Dawley  female 
rat. 

Norwich  claimed  these  in  vitro  studies 
showed  that  furazolidone  (NF-180)  In¬ 
hibited  the  synthesis  of  corticosterone 
from  progesterone.  Data  were  presented 
to  show  that  differences  In  furazolidone- 
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treated  Fischer  rats  and  Sprague-Daw- 
ley  rats  in  the  utilization  of  progesterone 
paralleled  difference  in  tumor  growth. 

Norwich  claims  its  studies  showed  that 
furazolidone  inhibited  the  ssmthesis  of 
corticosterone  and  enhanced  the  con¬ 
version  of  progesterone  to  a  pool  of  im- 
identified  steroids.  Norwich  claims  that 
deoxycorticosterone  was  the  steroid  pro¬ 
duced  by  the  adrenals  from  the  fura¬ 
zolidone-treated  rats.  It  also  claimed 
there  was  an  increase  of  an  androstene- 
type  steroid  in  the  profile  of  urinary 
steroids.  Biochemical  studies  were  also 
submitted  in  an  attempt  to  show  that 
the  nitrofurans  block  the  11-hydroxyl- 
ation  step  in  corticosterone  synthesis. 

Results  with  nitrofursizone  (NF-7)  in 
adrenals  in  vitro  were  claimed  by  Nor¬ 
wich  to  duplicate  those  with  furazoli¬ 
done  (NP-180). 

.  Food  and  Drug  Administration  scien¬ 
tists  have  rejected  the  data  presented 
by  Norwich  to  support  the  hormonal  hy¬ 
pothesis  for  the  following  reasons: 

No  direct  evidence  was  presented  to 
show  that  furazolidone  inhibited  the 
synthesis  of  corticosterone  from  proges¬ 
terone.  If  the  hsrpothesis  were  correct, 
then  adrenal  venous  progesterone  or 
adrenal  content  of  progesterone  should 
be  Increased  and  corticosterone  dimin¬ 
ished.  These  were  not  examined.  The  in 
vitro  studies  as  conducted  are  not  con¬ 
sidered  adequate  to  demonstrate  inhi¬ 
bition  of  the  biosynthesis  of  corticos¬ 
terone. 

The  in  vitro  studies  only  show  that 
there  is  an  apparent  inhibition  of  the 
synthesis  of  a  compound  with  a  thin- 
layer  chromatography  mobility  similar 
to  corticosterone.  No  data  were  pre¬ 
sented  to  show  that  the  compoimd  was 
corticosterone.  The  report  states  that  the 
Identification  is  totally  dependent  on  Rt 
(retardation  factor)  values  which  are 
not  sufficiently  accurate  for  definitive 
identification  of  hydroxylated  4-preg- 
nene  metabolites  or  their  various  acetyl- 
ated  derivatives. 

Furthermore,  if  corticosterone  synthe- 
^  were  Inhibited  the  adrenal  cortex 
would  be  expected  to  increase  in  weight. 
However,  no  adrenal  weight  change  of 
treated  versus  control  rats  was  evident. 

The  Norwich  claim  that  the  11- 
hydroxylation  is  inhibited  is  supported 
by  scanty  and  inadequate  data,  and  the 
data  on  the  profiles  of  the  urinary 
steroids  (17-ketosteroids)  are  essentially 
meaningless.  They  include  gas  chroma¬ 
tography  of  unpurified  urinary  extracts 
which  are  unlnterpretable.  Variations  in 
the  profile  imder  such  experimental  con¬ 
ditions  may  be  due  to  a  multitude  of 
factors;  impurities,  breakdown  products 
formed  dviring  hydrolysis  whether  of 
steroidal  origin  or  not,  etc.  No  data  on 
characterization  of  deoxycorticosterone 
are  presented.  The  report  states  that  the 
material  was  Identified  by  purification 
through  vskrious  chromatographic  proce¬ 
dures.  Chromatography  is  not  consid¬ 
ered  adequate  for  structural  identifica¬ 
tion  of  “unknowns.” 

Norwich’s  data  on  progesterone  levels 
in  plasma  are  not  acceptable.  The  fluo¬ 
rescence  method  used  is  antiquated  and 


not  sufficiently  specific.  The  competitive 
protein  binding  method  used  is  con¬ 
sidered  unreliable,  and  the  experimental 
data  on  the  radioimmunoassay  proce¬ 
dure  are  inadequate. 

Although  generally  the  radioim- 
mimoassay  procedure  is  acceptable,  the 
standard  curve  presented  in  the  report 
casts  doubt  that  the  progesterone 
measurements  in  this  case  are  mean¬ 
ingful. 

Although  prolactin  has  been  implicated 
in  the  development  of  mammary  tumors, 
no  direct  evidence  has  been  presented 
by  Norwich  to  demonstrate  that  fura¬ 
zolidone  affects  prolactin  levels.  Stimu¬ 
lation  of  ACTH  secretion  may  occur 
without  concomitant  stimulation  of  pro¬ 
lactin  secretion.  Prolactin  was  not 
measured,  and  no  evidence  was  offered 
by  Norwich  other  than  an  incorrect  sup¬ 
position  to  support  the  concept  of  in¬ 
creased  prolactin  secretion. 

The  role  of  progesterone  in  increased 
mammary  cell  proliferation  involving  a 
rise  in  mitotic  activity  is  portrayed  by 
Norvdch  as  an  oversimplification  of  very 
complex  mammary  physiology,  and  Nor¬ 
wich  incorrectly  states  that  an  increase 
in  progesterone  stimulates  pseudopreg¬ 
nancy  in  the  rat. 

From  the  data  presented,  the  Director 
concludes  that  it  is  not  possible  to  tell 
how  furazolidone  (NF-180>  affects  or 
accelerates  the  appearance  of  mammary 
tumors.  To  determine  if  the  hypothesis 
were  operative,  ovaryectomized  or 
adrenalectomized  rats  maintained  on 
estrogen  and  corticosterone  should  have 
been  tested  to  see  if  furazolidone  (NF- 
180)  under  these  conditions  failed  to  in¬ 
duce  mammary  tumors. 

Even  if  a  hormonal  effect  had  been 
adequately  danonstrated  and  estab¬ 
lished  as  the  sole  operant  in  the  develop¬ 
ment  of  mammary  tumors  in  the  female 
rats  studied,  the  mechanism  would  have 
to  be  sufficiently  defined.  Then,  if  the 
mechanism  in  rodents  was  not  aj^licable 
to  humans,  it  would  be  necessary  to 
determine  that  the  nitrofurans  would  not 
cause  a  different  hormonal  effect  in 
humans  by  using  an  appropriate  animal 
species  to  establish  a  “no-hormonal- 
effect”  level. 

More  important,  the  Director  con¬ 
cludes  that  the  new  evidrace  of  carcino¬ 
genicity  in  the  lifetime  studies  of  fura¬ 
zolidone-treated  rats  and  mice  is  con¬ 
trary  to  acceptance  of  any  hormonal 
hypothesis  as  solely  operant.  In  these  lat¬ 
ter  studies  which  are  discussed  In  this 
section  of  this  notice,  the  induction  of 
tumors  is  not  limited  to  effects  on  the 
mammary  gland  of  female  rats.  A  variety 
of  tumors  are  seen  in  both  male  and 
female  rats  in  both  strains  and  include, 
for  example,  lymphatic  tumors,  pituitary 
and  thyroid  tiunors,  skin  tumors,  and 
mesothelioma  in  the  scrotal  cavity  of 
Fischer  male  rats.  In  the  mouse  study 
lung  cancers  were  the  most  prevalent, 
with  no  sex  related  differences  in  the 
incidence  of  tumors.  There  wsus  no  sig¬ 
nificant  drug  effect  (xi  the  incidence  of 
nonmalignant  or  malignant  tumors  in 
endocrine  tissues  of  these  mice. 

The  Director  therefore  concludes  that 
the  hormonal  hypothesis  is  not  relevant 


to  the  finding  that  furazolidone  is  a  car¬ 
cinogen. 

However,  the  fcffiowing  facts  are  sig¬ 
nificant  in  regard  to  the  tumor-inducing 
properties  of  furazolidone  as  demon¬ 
strated  in  the  four  chronic  studies: 

1.  Furazolidone-induced  malignancies 
in  both  rats  and  mice. 

2.  Furazolidone  also  induced  non¬ 
malignant  tumors. 

3.  In  most  cases  the  induced  malignant 
and  nonmalignant  tumors  were  found  at 
the  same  sites. 

4.  There  is  some  evidence  that  the  in¬ 
duction  of  benigm  tiunors  is  also  related 
to  the  induction  or  progression  to  malig¬ 
nancies  as  a  function  of  dose. 

5.  There  are  marked  sex  differences  in 
the  tumor  responses  in  the  rats.  There 
are  also  some  commonalities  in  the  tumor 
sites  of  the  male  and  female  rats. 

6.  Mammary  tumors  were  the  predomi¬ 
nant  effect  in  the  female  rats. 

7.  Nonmammary  tiunors  were  Induced 
in  the  Sprague-Dawley  male  rats  with 
no  one  type  being  singularly  significant. 
However,  in  the  Fischer  rats,  several  spe¬ 
cific  nonmammary  tumors  were  induced 
in  both  male  and  female  rats. 

8.  The  major  target  site  in  the  mouse 
was  the  lung.  There  was  no  evidence  of 
a  significant  difference  between  male  and 
female  mice  in  tumor  response  and 
tumorigenic  effects  in  endocrine  tissues. 

9.  The  induction  of  tumors  involved  not 
only  increased  incidence  of  animals  with 
tumors  but  increased  numbers  of  tiunors 
per  animal. 

10.  There  is  no  reason  not  to  accept  the 
appropriateness  of  the  rats  and  mice  as  a 
bioassay  from  which  to  predict  the  can¬ 
cer  potential  in  humans.  No  relevant 
data  in  humans  are  available. 

From  these  facts,  the  Director  con¬ 
cludes  that  furazolidone  induces  cancer 
in  both  rats  and  mice,  and  therefore  its 
use  as  a  drug  in  food-producing  animals 
is  subject  to  the  requirements  of  section 
512  (d)  (i)  (H)  of  the  Federal  Food,  Drug, 
and  Cosmetic  Act.  The  sum  total  of  evi¬ 
dence  indicates  that  furazolidone  induces 
both  site-specific  tumor  effects  as  well  as 
an  overall  effect  on  random  tumor  induc¬ 
tion;  there  is  clear  evidence  of  malig¬ 
nancy  and  a  concurrent  induction  of  be¬ 
nign  tumors,  the  proportions  of  which 
increase  in  favor  of  malignancies  with 
an  increase  in  dose  and  probably  also  in¬ 
volve  a  relationship  of  latency  and  dose; 
and  that  there  is  an  adverse  effect  on 
mortality  which  may  bear  a  relationship 
to  the  tumors.  The  accumulation  of  these 
facts  requires  that  the  evsduation  of  the 
total  neoplastic  activity  of  the  carcino¬ 
genic  agent,  furazolidone,  include  consid¬ 
eration  of  all  tumor  induction  as  po¬ 
tentially  significant  to  human  health. 
Since  the  susceptibility  in  humans  is  not 
defined,  furazolidone  must  be  assumed 
as  a  potential  human  carcinogen  and 
safeguards  taken  to  assure  no  human  ex¬ 
posure.  Therefore,  a  conservative  ap¬ 
proach  to  the  estimation  of  a  theoretical 
“no-effect”  level  of  exposure  in  humans 
for  purposes  of  defining  the  minimum  re¬ 
quired  assay  sensitivity  for  residues  is 
required. 
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n.  Adequate,  Reliable  and  Practicable 
Methods  of  Analysis  Are  Not  Avail¬ 
able  FOR  Monitoring  Food  nor  Can 
Conditions  of  Use  Be  Specified  in  the 
Labelino  To  Assure  That  There  Are 
No  Residues  Attributable  to  the  Use 
OF  Furazolidone 

The  Director  has  concluded  that  furaz¬ 
olidone  has  been  shown  to  Induce  cancer 
when  ingested  by  animals.  Therefore  its 
continued  approval  for  use  in  animals 
depends  upon  the  sponsor’s  showing  that 
the  use  of  the  drug  will  not  adversely 
affect  the  animals  for  which  it  is  intended 
and  that  no  residue  of  the  drug  will  be 
found  in  any  edible  portion  of  the  ani¬ 
mals  after  slaughter  or  in  any  food 
yielded  by  or  derived  from  the  living 
animals.  To  make  this  showing,  a  multi¬ 
ple  step  process  is  necessary. 

First,  the  amount  of  total  residue  in 
the  edible  tissues  and  the  depletion  ol 
residues  with  time  must  be  determined. 

Second,  sufficient  information  must  be 
developed  about  the  identity  of  the  resi¬ 
dues  and  their  proportionate  amoimt  to 
the  total  residue  to  determine  if  any 
metabolites  need  to  be  tested  in  carcino¬ 
genic  bioassays  in  addition  to  the  parent 
drug. 

Third,  from  the  carcinogenic  bioassay 
data,  a  theoretical  statistical  estimate 
must  be  determined  for  the  maximum 
concentration  of  total  residues  of  possi¬ 
ble  carcinogenic  concern  that  can  be 
present  in  the  total  dally  diet  of  humans 
that  can  be  considered  insignificant  and 
to  pose  essentially  no  risk  of  cancer  to 
humans. 

Fourth,  suffici^t  information  about 
the  residues  must  be  developed  to:  (a) 
Determine  the  tissue  (called  the  target 
tissue)  from  which  residues  deplete  most 
slowly  and  must  be  monitored  by  the 
regulatory  assay,  and  <b)  determine  the 
ciMupound  that  is  to  be  measured  in  the 
regulatory  assay  so  that  its  measure¬ 
ment  can  assure  there  will  be  no  residues 
of  potential  carcinogenic  concern.  (This 
c<Hnpo\md  is  called  the  marker.) 

Fifth,  a  practicable  method  of  analysis 
must  be  developed  for  residues  that  can 
measure  the  marker  in  the  target  tissue 
at  a  concentration  level  which  at  least 
assures  that  the  total  residues  of  poten¬ 
tial  carcinogenic  concern  in  the  total 
daily  diet  of  humans  does  not  exceed  the 
level  established  in  step  three  above. 

Sixth,  it  must  be  demonstrated  that 
practical  conditions  of  use  can  be  pre¬ 
scribed  on  the  label  of  the  product  to 
assure  “no  residue’’. 

Each  of  the  steps  involves  principles 
which  are  essential  for  a  determination 
of  food  safety  and  compliance  with  the 
requirements  of  the  act  to  assure  “no 
residue’’  in  human  food  from  animals 
treated  with  a  carcinogenic  drug.  Each 
step  builds  upon  the  preceding  step. 
Therefore,  failure  to  acc<Mnpllsh  any  one 
of  the  six  steps  in  whole  or  in  part  for 
any  drug  that  is  a  carcinogen  ordinarily 
will  preclude  a  sponsor’s  fulfilling  its 
obligation  under  the  act. 

The '  sponsors  of  furazolidone  have 
failed  to  meet  the  requirements  of  the 
first  step.  On  this  basis  alone,  they  can¬ 
not  meet  the  statutory  requirement  of 


showing  “no  residue.”  Nor  can  they  pro¬ 
ceed  with  the  fulfillment  of  all  of  the  re¬ 
maining  steps.  Hie  deficiencies  in  each 
of  the  steps  are  discussed  in  detail  in  the 
following  subsections: 

(1)  The  Amount  of  Total  Residue  in 
the  Edible  Tissues  arid  the  Depletion  of 
Residues  with  Time  Has  Not  Been  Deter¬ 
mined.  When  a  drug  is  administered  to 
an  animal,  the  drug  may  be  altered  by 
the  animal  into  a  variety  of  compoimds 
called  metabolites.  The  process  of  altera¬ 
tion  may  be  such  that  little  residue  of  the 
parent  drug  remains  in  the  animal  tis¬ 
sue,  but  there  may  be  considerable  me¬ 
tabolite  residue.  Therefore,  the  total  resi¬ 
due  with  which  FDA  is  concerned  in¬ 
cludes  both  the  parent  drug  and  the 
metabolites. 

The  composition  and  amount  of  each 
of  the  residues  depend  upon  the  metabo¬ 
lism  in  a  particular  species.  Because 
there  are  species  differences  in  metabo¬ 
lism,  it  is  necessary  to  determine  metab¬ 
olism  and  residues  in  each  of  the  species 
for  which  the  drug  is  used.  Thus  S  514.1 
(b)(7)(i)  (21  CFR  614.1(b)  (7)  (i))  in¬ 
cludes  metabolism  and  residue  depletion 
studies  amcmg  those  kinds  of  studies 
which  are  used  to  determine  residues. 

Exposure  to  furazolidone  in  the  diet 
induced  cancer  in  rats  and  mice.  It  is  not 
known  if  the  parent  drug  was  the  car¬ 
cinogenic  agent  or  if  the  carcinogenic  re¬ 
sponse  was  due  to  one  or  more  active  me¬ 
tabolites.  Such  lack  of  knowledge  is  not 
unique  to  furazolidone:  it  is  typical  of 
most  cancer-inducing  agents  that  the 
mechanism  of  the  induction  of  cancer  or 
the  identiflcation  of  the  carcinogenic 
agent  is  not  known.  Therefore,  when 
considMlng  the  safety  of  food  from  fura- 
zelidone-treated  animals,  all  drug-relat¬ 
ed  residues  to  which  humans  may  be  ex¬ 
posed  must  be  assumed  to  be  potential 
carcinogens  unless  convincing  evidence 
is  presented  to  the  contrary.  Such  evi¬ 
dence  consists  of  not  only  the  identifica¬ 
tion  of  the  residues  that  are  claimed  to 
be  safe,  but  also  adequate  toxicological 
studies  showing  that  the  levels  of  each  of 
the  residues  claimed  to  be  safe  are  in  fact 
safe.  All  residues  not  identified  or  not 
shown  to  be  safe  must  be  considered  po¬ 
tentially  carcinogenic  and  must  be  re¬ 
quired  to  be  below  a  level  of  detection 
that  would  pose  no  risk  of  cancer  in 
hiunans. 

The  use  of  chemical  assays  to  deter¬ 
mine  initially  the  total  residues  requires 
knowledge  about  what  residues  occur 
(parent  drug  and  metabolites)  and  re¬ 
quires  the  availability  of  adequate  meth¬ 
ods  of  analysis  to  measure  each  one  of 
the  residues  at  the  level  of  interest. 
Therefore,  this  chemical  approach  is 
usually  not  feasible.  Instead,  a  radio- 
labeled  drug  is  used  to  provide  a  practical 
and  adequate  approach  to  the  initial 
measurement  of  total  residues  in  the  edi¬ 
ble  tissues.  In  this  approach,  the  drug  is 
synthesized  with  a  radioisotope  so  that 
when  the  drug  is  administered  to  the 
animal  according  to  label  directions,  all 
resulting  residues  of  Interest  can  be 
measured  in  the  edible  products.  This  is 
accomplished  by  counting  the  radioactiv¬ 
ity  in  the  tissues  and  converting  these 


measurements  to  an  estimation  of  the 
amount  of  residue  expressed  as  parent 
drug  equivalents.  The  conversion  is  made 
based  on  the  known  specific  activity  of 
the  radiolabeled  drug  used  in  the  study. 

Although  a  number  of  reports  have 
been  submitted  on  the  quantity  of  fura¬ 
zolidone  in  the  edible  tissues  of  drug- 
treated  animals  which  will  be  discussed 
in  step  (6) ,  no  data  have  been  submitted 
by  the  sponsors  on  total  drug  residues  in 
edible  tissues  from  furazolidone-treated 
animals. 

On  July  23, 1971,  Norwich  submitted  a 
report,  “NF-180  Residues  in  Chicken  Tis¬ 
sues,”  Project  No.  576.03,  dated  July  23, 
1969,  which  mentions  two  metabolites 
that  may  occur  as  residues  of  furazoli¬ 
done  (NF-180)  in  edible  tissues.  The  re¬ 
port  gives  no  information  on  the  identity 
or  quantity  of  the  residues  or  any  indica¬ 
tion  of  the  evidence  on  which  the  pre¬ 
sumption  is  based.  The  Director  assumes 
the  compoimds  are  those  designated  by 
Norwich  as  NF-362  and  NF-682  in  a  let¬ 
ter  to  FDA  on  October  1,  1969,  where  it 
was  stated  that  methods  were  being  de¬ 
veloped  for  their  analysis. 

Data  on  the  metabolism  of  other  nitro- 
furans  has  been  submitted  by  Norwich 
which,  however,  cannot  be  accepted  as  a 
substitute  for  metabolism  data  on  fura¬ 
zolidone  in  the  animals  of  intended  use 
because  the  metabolism  of  each  com¬ 
pound  may  differ  in  each  of  the  animal 
species. 

Because  no  relevant  data  have  been 
submitted  on  metabolism  and  residue  de¬ 
pletion  of  furazolidone,  the  Director  con¬ 
cludes  that  the  amount  of  total  residue  in 
in  the  edible  tissues  and  the  depletion  of 
residues  with  time  has  not  been  deter¬ 
mined. 

(2)  Sufficient  Information  Has  Not 
Been  Developed  About  the  Identity  of 
the  Residues  and  Their  Proportionate 
Amount  to  the  Total  Residue  to  Deter¬ 
mine  if  any  Metabolites  Need  to  be 
Tested  in  Carcinogenic  Bioassays  in  Ad¬ 
dition  to  the  Parent  Drug.  The  composi¬ 
tion  of  a  drug’s  residue  may  vary  from 
the  extremes  of  less  than  1%  parent  drug 
and  more  than  99%  metabolites  to  less 
than  1%  metabolites  and  more  than  99% 
parent  drug,  although  the  latter  case 
would  be  rare.  The  Food  and  Drug  Ad¬ 
ministration  must  estimate  the  carcino¬ 
genic  potency  of  the  total  residue  because 
this  is  what  man  will  be  exposed  to  in 
food.  Ideally  this  estimation  would  be 
based  on  the  identification  of  each  of  the 
metabolites  in  the  residue,  their  synthe¬ 
sis,  and  subsequent  testing  of  the  parent 
drug  and  all  of  the  metabolites  for  car¬ 
cinogenicity.  However,  this  approach  is 
usually  impractical. 

Various  aivroaches  are  available  to 
limit  the  number  of  residue  compounds 
for  which  carcinogenic  bioassays  are  re¬ 
quired  to  provide  a  sufficiently  conserva¬ 
tive  estimate  of  the  carcinogenic  potency 
of  the  total  residue.  However,  Norwich 
has  not  presented  any  quMititative  or 
qualitative  information  about  the  total 
residues  of  furazolidone  in  edible  tissues. 

Therefore,  the  Director  concludes  that 
there  is  Insufficirat  information  for  FDA 
to  determine  if  the  carcinogenic  testing 
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of  furazoUdone  Is  adequate  to  estimate 
the  carcinocenie  potency  of  the  total 
residue  and  to  determine  If  a  “safe"  dose, 
described  In  step  (3),  based  on  the  car- 
oinog«iic  testing  of  fiuazoUdone  is  ade¬ 
quate  to  protect  the  public  health. 

(3)  A  Theoretical  Statistical  Estimate 
for  the  Maximum  Concentration  of  Total 
Residues  of  Possible  Carcinogenic  Con¬ 
cern  That  Can  Be  Present  in  the  Total 
Daily  Diet  of  Humans  That  Can  Be  Con¬ 
sidered  Insignificant  and  to  Pose  Essen¬ 
tially  No  Risk  of  Cancer  to  Humans  Has 
Not  Been  Determined.  The  exception  to 
the  Delaney  Anti-Cancer  Clause  was  en¬ 
acted  to  permit  the  use  of  a  carclnogrenic 
drug  for  food-producing  animals.  If, 
among  other  requirements,  the  use  does 
not  result  In  residues  in  foods  as  deter¬ 
mined  by  a  metiiod  of  analysis  prescribed 
or  approved  by  the  Secretary.  The  enact¬ 
ment  of  this  provision  followed  lengthy 
testimony  and  debate  on  the  use  of  dl- 
ethylstilbestrcd  (DES>  for  Increased  feed 
efficiency  In  cattle. 

During  the  debates,  testimony  was  pre¬ 
sented  on  the  mouse  uterine  ^assay  used 
for  the  detection  of  DES  residues  In  ani¬ 
mal  tissues.  It  was  argued  that  by  this 
highly  sensitive  technique,  which  could 
measure  DES  as  low  as  2  ppb,  no  residues 
of  DES  would  be  found  In  cattle  treated 
with  the  drug  when  an  adequate  drug 
withdrawal  period  prior  to  slaughter  was 
observed.  In  1962,  the  capability  to  detect 
2  ppb  of  any  residue  was  an  imusual 
achievement  for  assay  methodology  and 
was  then  regarded  as  a  reasonable  defi¬ 
nition  of  “no  residue”. 

Because  the  act  leaves  the  choice  of 
an  assay  method  to  assure  “no  residue” 
for  any  specific  carcinogenic  animal  drug 
to  the  judgment  of  the  Secretary,  an 
operational  definition  of  “no  residue” 
had  to  be  adopted.  Because  there  was  no 
way  to  be  sure  that  the  best  available 
analytical  method  wotild  always  be  suf¬ 
ficiently  sensitive  and  practicable  to  pro¬ 
vide  adequate  protection  against  cancer, 
FDA  customarily  required  a  lower  limit 
of  rdlable  measurement  of  at  least  2  ppb 
feu:  carcinogens.  This  level  was  based  pri¬ 
marily  upon  the  judgment  of  scientists 
that  the  absence  of  residues  at  2  ppb  or 
above  usually  would  assure  that  any  re¬ 
maining  residue  was  biologically  Insig¬ 
nificant. 

Since  1962,  technological  advances  in 
.research  methods,  e.g.,  the  advent  of 
Immuno-assay  techniques,  advances  In 
ultrasensitive  mass  spectnunetry,  and 
the  use  of  radiotracer  techniques  in 
metabolism  studies,  now  open  the  possi¬ 
bility  thr.t  residues  at  concentrations 
considerably  bdow  2  ppb  may  be  found. 

Because  of  these  developments.  FDA 
has  been  examining  procedures  which 
might  be  used  to  establish  the  required 
lower  limit  of  reliable  measurement  for 
residue  assay  methods.  Currently,  FDA 
will  accept  the  use  of  conservative  sta¬ 
tistical  extrapcdatlon  procedures  that  re¬ 
late  the  carcinogenic  potency  of  the  dnig 
to  the  determination  of  the  minimum  re¬ 
quirement  tor  residue  assay  sensitivity. 
Howeva*,  If  a  mOTe  sensitive  practicable 
method  for  the  determination  of  residues 
is  available,  n>A  will  adopt  that  more 
sensitive  method. 


NOTICES 

A  proposed  regulaticm  on  this  matter 
was  published  in  the  Fxdbkal  Rsoism 
ot  July  19, 1973  (38  FR  19226) .  Numerous 
comments  were  received  and  have  been 
considered.  Based  on  the  review.  FDA 
has  tentatively  concluded  that  a  modi¬ 
fied  version  of  the  i4>proach  described  in 
the  proposal  offers  a  sound  approach  to 
this  extremely  cmnplex  Issue.  Efforts  are 
imderway  to  establish  by  regidaUon  the 
use  of  the  new  procedure  for  determining 
the  minimum  required  sensitivity  for  the 
tissue  residue  assay  for  carcinogenic 
drugs. 

On  November  11,  1975,  Norwich  made 
a  submission  to  FDA  that  Included  a  re¬ 
port  prepared  by  Mr.  Nathan  Mantel  es¬ 
timating  the  “safe”  dose  for  furazolidone. 
The  “safe”  dose  (S.  Is  a  theoretical  sta¬ 
tistical  estimate  which  represents  the 
maximum  concentration  of  the  residues 
In  the  total  daily  diet  oi  humans  which 
could  be  considered  insignificant  and 
pose  no  risk  of  cancer  and  is  thus  "sate’* 
within  the  meaning  of  the  act  The  S. 
was  derived  from  use  of  the  data  from 
the  four  chronic  studies  on  furazolidone, 
discussed  In  section  I  ol  this  notice,  and 
the  application  of  the  Mantel-Bryan  ex¬ 
trapolation  model.  (N.  Mantel  and  W.  R. 
Bryan,  “Safety  Testing  of  Carcinogenic 
Agents.”  Journal  of  the  National  Cancer 
Institute,  27:455-470  (1961).  N.  Mantel, 
N.  Bohldar,  C.  Brown.  J.  Clmlnera  and 
J.  Tukey,  “An  Improved  kiantel-Bryan 
Procedure  for  Safety  Testing  of  Carcino¬ 
gens,”  Cancer  Research,  35:865-872 
(1975).)  The  model  was  us(^  to  estimate 
S.  based  on  a  probability  of  the  occur¬ 
rence  of  cancer  of  1  In  1  million  with  a 
slope  of  1  problt  unit  per  log  increase  in 
dose  at  the  99%  confidence  leveL  Nor¬ 
wich  concludes  that  21  ppb  is  the  esti¬ 
mated  S.  for  furazolidone.  The  calcu¬ 
lated  “safe”  concmitrations  of  furazoll- 
d<nie  In  food  were  determined  by  Nor¬ 
wich  to  be  63  ppb  in  muscle,  21  ppb  in 
milk,  and  63  ]n>b  In  eggs  usi^  the  food 
cmisumpUon  adjustmoits  proposed  In  a 
paper  presented  at  the  Gordon  Research 
Conference  on  Drug  Metabolism.  June 
23-27, 1975,  by  two  FDA  scientists.  M.  K. 
Perez  and  N.  E.  Wdjer,  entitled  “Re- 
qulronents  for  Metabolic  Studies — ^Im¬ 
pact  on  Food  Safety  Regulatkm.”  Nor¬ 
wich  claims  that  the  regulatory  methods 
It  has  proposed  for  contnA  of  residues 
are  of  ^equate  sensitivity  to  assure  the 
abs^ce  of  residues  above  2  ppb  and  are 
certainly  adequate  to  assure  the  sdisaice 
of  residues  at  levels  as  high  as  21  and  63 
ppb.  Therefore,  It  cmitends,  it  has  dem¬ 
onstrated  the  safe  use  of  furazolidone. 
For  this  reason.  It  is  necessary  for  the 
Director  to  consider  whether  or  not  the 
sensitivity  required  for  the  assay  as  pro¬ 
posed  by  the  sponsors  is  adequate  to  as¬ 
sure  safe  use  of  the  drug. 

As  shown  in  step  (2) ,  adequate  Infor¬ 
mation  has  not  been  provided  to  deter¬ 
mine  If  an  8.  can  be  established  based 
on  the  carcinogenicity  testing  of  furazol- 
id(Hie.  However,  even  If  such  Information 
had  been  provided  and  It  was  adequate  to 
show  that  the  S.  feu:  total  residues  could 
be  based  solely  on  the  furazolidone  test¬ 
ing  data,  the  sponsors,  as  will  be  shown 
in  this  and  subsequent  sections,  have  not 
satisfied  the  requirements  of  the  act  to 
demonstate  the  safe  use  of  furazolidone. 


Norwich  has  provided  data  on  furazol¬ 
idone  fnxn  which  an  S.  mliht  be  deter¬ 
mined.  and  FDA  acc^>ts  the  beude  luln- 
clples  of  the  Mantd-Bryan  model  to 
estimate  S.  for  a  carcinogenic  animal 
drug.  However,  the  way  Norwich  has  se¬ 
lected  and  used  the  data  in  the  extrapo¬ 
lative  procedure  to  derive  the  value  of  21 
ppb  as  the  S.  for  furazolidone  is  not  ac¬ 
ceptable.  There  are  two  major  objections 
to  the  Norwich  approach.  First,  Norwich 
has  not  used  data  which  are  based  on  all 
tumors  present  and  diagnosed  from  hls- 
topathologlcal  examination  at  sacrifice. 
Second,  Norwich  has  based  the  estima¬ 
tion  of  S.  on  the  analysis  of  only  tumors 
which  were  malignant. 

First  Major  Area  or  Objection 

Norwich  used  data  which  are  not  based 
on  all  tumors  present  and  diagnosed  by 
hlstopathologlcal  examination  at  sacri¬ 
fice.  It  offers  the  following  reason  for  not 
doing  so.  Mr.  Mantel  objects  to  the  fur¬ 
azolidone  chronic  study  experimental  de¬ 
signs,  pointing  out  that  for  best  use  of 
his  extrapolative  technique,  a  “near  life 
time”  study  would  have  been  better. 

The  Fischer  rat  study  and  the  higher 
dose  Sprague-Dawley  rat  study  followed 
protocols  where  the  animals  were  fed 
medicated  diets  for  20  and  18  months  re¬ 
spectively,  followed  by  maintenance  on  a 
dnig-free  diet  for  an  additional  10  and 
11  memths  respective^.  The  experiments 
were  terminated  when  survival  reached 
approximately  10%  The  age  of  the  rats 
at  the  termination  of  these  studies  was 
in  excess  of  30  months.  Similarly,  In  the 
mouse  study,  the  animals  received  the 
drug  In  feed  for  13  months  and  were 
maintained  on  a  drug-free  diet  for  an 
additional  10  months.  The  study  was  ter¬ 
minated  after  23  months  when  the  mice 
were  approximately  25  months  old.  In 
contrast  the  lower  level  Sprague-Dawley 
rat  study  was  a  24-month  study  with 
continuous  drug  treatment  in  the  diet. 
All  groups  were  terminated  at  24  months 
whoi  the  rats  were  approximately  26 
months  old. 

Given  the  data  at  hand.  Mr.  Biantel 
adjusts  the  data  to  fit  an  experimental 
design  he  would  have  considered  better, 
i.e..  an  earlier  termination,  ms  reasons 
fmr  the  adjustment  of  the  data  are  to 
achieve  a  lower  incidence  eff  tumors  in 
the  controls;  to  exclude  late-ln-llfe 
tumors  that  In  his  judgment  are  not 
significant;  and  to  provide  more  ccmi- 
parability  of  the  data  between  the  rat 
studies  so  that  the  tumor  findings  can 
be  cmnbined  to  provide  more  values  for 
the  estlmatlcHi  of  the  S.. 

Tb  achieve  the  above,  Mr.  Mantd 
chooses  two  cutoff  times  and  determines 
the  tumor  Incidence  by  the  following 
criteria  and  assumptions: 

1.  Tumor  finding  in  all  animals  that 
died  prior  to  his  “cutoff”  time  are  used 
based  on  the  histopathology  findings. 

2.  Tumors  found  In  animals  that  died 
after  the  “cutoff"  time  are  counted  only 
if  a  mass  was  detected  in  the  live  animal 
prior  to  the  “cutoff”  time.  If  a  mass  was 
found  in  the  live  animal,  hlstopathcriogy 
after  the  “cutoff”  time  Is  used  as  the 
basis  for  determining  if  the  mass  was  a 
tumor. 
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3.  All  animals  that  were  alive  at  the 
“cutoff”  time  and  did  not  have  a  deter¬ 
minative  mass  at  that  time,  but  were 
found  to  have  ttunors  or  malignancies  at 
later  sacrifice,  were  not  counted. 

Mr.  Mantel  projects  the  data  for  “cut¬ 
off”  at  24  and  22  months  for  rats  and  18 
to  16  months  for  mice.  The  24-month 
mts  and  the  18-month  mice  cutoffs  rep¬ 
resent  the  time  animals  were  on  the  ex¬ 
periment,  having  begun  on  the  experi¬ 
ment  at  approximately  2  months  of  age. 
The  second  set  of  figures,  22  months  for 
rats  and  16  months  for  mice,  were  also 
used  because  these  times  represented 
what  Mr.  Mantel  considers  the  lifespan 
age  of  the  animals  (24-month  old  rats 
and  18-month  old  mice).  The  Kolbye- 
Perez  paper  referred  to  in  step  (4)  is  er¬ 
roneously  Interpreted  and  cited  as  sup¬ 
port  for  this  definition  of  lifespan. 

The  differences  between  use  of  24  or  22 
months  for  rats  and  18  or  16  months  for 
mice  are  not  sufBciently  large  to  make  a 
significant  difference  in  the  estimation 
of  an  So.  However,  there  is  a  significant 
difference  in  the  estimated  So  when 
either  of  the  “cutoff”  times  are  used 
rather  than  the  use  of  all  tumor  data  at 
sacrifice. 

To  elaborate  on  the  effect  of  Mr. 
Mantel’s  adjustment  of  the  data,  the  fol¬ 
lowing  example  is  given.  In  the  mouse 
experiment,  26  of  48  male  mice  at  the 
lowest  dose  had  malignancies  at  termi¬ 
nation  of  the  study,  l.e.,  23  months  on 
experiment.  At  an  18-month  “cutoff” 
time,  only  3  males  at  the  low  dose  had 
malignancies  based  on  his  criteria.  Us¬ 
ing  Mr.  Mantel’s  approach,  it  has  to  be 
assumed  that  the  23  male  mice  deemed 
tumor-free  at  18  months  developed  all 
of  the  malignancies  during  the  last  5 
months  of  life.  It  also  has  to  be  assumed 
that  the  tumors  or  malignancies  which 
developed  in  the  animals  late  in  life  are 
not  significant  even  though  the  studies 
showed  that  the  drug-treated  groups  in 
some  cases  had  more  tumors  than  the 
control  groups  late  in  life.  In  other 
words,  the  development  of  tumors  or 
malignancies  in  the  aged,  drug-related 
or  not,  are  not  Important.  ’This  assump¬ 
tion  is  not  acceptable  to  FDA. 

'The  objections  of  PDA  to  Mr.  Mantel’s 
approach  of  using  a  “cutoff”  time  for 
tumor  determination  are  two-fold:  (a) 
The  use  of  palpation  as  the  sole  deter¬ 
minant  of  the  presence  of  tumors  in  live 
animals,  and  (b)  the  arbitrary  determi¬ 
nation  that  tumors  observed  beyond  a 
certain  age  are  of  no  consequence. 

On  the  first  point  it  may  be  argued 
that  palpation  followed  by  histopatho- 
logical  confirmation  through  biopsy  or 
at  sacrifice  can  be  effectively  used  to 
study  the  development  of  certain  types 
of  tumors,  e.g.,  mammary  tumors.  If  sys¬ 
tematic  examination  is  conducted  by 
specially  trained  personnel,  it  may  be 
possible  from  the  information  to  plot  the 
development  of  bmign  tiunors  with  time 
and  to  determine  the  progression  of 
benign  tumors  to  malignancies.  It  is  not 
known  if  an  adequate  systematic  proce¬ 
dure  of  palpation  was  followed  in  the 
furazolidone  studies  and  it  cannot  be  as¬ 
sumed  that  if  a  mammary  tumor  was 


pi'esent  it  would  be  palpable.  Palpation 
may  be  an  aid  in  deriving  additional  in¬ 
formation  which  may  be  hdpful  in 
evaluating  the  data,  but  it  alone  can¬ 
not  be  used  in  the  manner  pnniosed  by 
Norwich  with  the  exclusion  of  some 
tmnor  data  at  sacrifice. 

In  addition,  furazolidone  induced  tu¬ 
mors  at  sites  other  than  the  mammary 
gland.  Because  furazolidone  exhibits  a 
random  tumor  effect  in  addition  to  site- 
specific  effects,  not  limited  to  the  mam¬ 
mary  gland,  palpation  even  under  the 
most  carefully  controlled  conditions  can¬ 
not  be  presiuned  adequate  to  determine 
the  tumor  status  in  live  animals  in  this 
case.  Tiunors  and  malignancies  of  the 
type  induced  by  furazolidone  can  be  pres¬ 
ent  in  a  live  animal  and  not  be  palpable 
or  otherwise  observed  until  autopsy  and 
hlstopathology. 

During  discussions  with  Norwich  con¬ 
cerning  studies  FDA  had  requested  in 
support  of  human  drug  uses,  the  Bureau 
of  Veterinary  Medicine  recommended 
that  Norwich  seek  guidance  on  the  design 
of  the  studies  from  Dr.  Welsberger,  who 
was  at  that  time  with  the  National  Can¬ 
cer  Institute.  It  is  assumed  that  the  pro¬ 
tocols  follow'ed  Dr.  Welsberger’s  recom¬ 
mendations,  and  that  Norwich  adopted 
the  recommended  protocols  as  an  ap¬ 
propriate  way  to  demonstrate  the  safety 
of  furazolidone.  Norwich  states  in  its 
report  that  the  animals  were  terminated 
when  10%  survival  was  reached,  except 
for  the  low-level  Sprague-Dawley  rat 
study  where  all  groups  were  terminated 
after  24  months  on  test. 

Scientific  opinion  on  the  design  of  car¬ 
cinogenic  bloassays  is  continually  chang¬ 
ing,  based  on  new  knowledge  and  experi¬ 
ence.  The  design  of  protocols  is  primarily 
influenced  by  the  particular  questions 
being  asked.  Presxunably,  some  of  the 
questions  that  the  furazolidone  studies 
addressed  Included  determining  whether 
or  not  furazolidone  was  a  carcino¬ 
gen;  whether  the  only  tumor  effect  would 
be  in  the  mammary  gland  of  female  rats 
through  hormonal  disruption  that  is 
unique  to  the  rat  and  not  applicable  to 
humans;  and  whether  at  lower  levels  of 
exposure  there  would  be  no  tumorigenlc 
risk.  These  were  reasonable  questions 
from  Norwich’s  viewpoint  considering  the 
available  evidence  at  that  time  and  the 
opinion  of  the  Norwich  scientists  that 
this  course  of  action  would  support  the 
safe  use  of  furazolidone.  When  the  fu¬ 
razolidone  studies  were  initiated,  there 
was  no  reason  to  give  any  thought  to  the 
possible  use  of  the  data  in  an  extrapola¬ 
tion  model,  such  as  the  Mantel-Bryan 
model,  to  estimate  So. 

It  is  also  evident  that,  although  a  high 
spontaneous  tumor  rate  in  Sprague-Daw¬ 
ley  rats  may  have  been  anticipated,  it 
was  not  expected  that  the  high  spontan¬ 
eous  tumor  rate  found  in  the  Fischer  rats 
would  occur.  The  anticipated  differences 
in  the  spontaneous  tumor  rate  for  the 
two  rat  strains,  which  were  not  borne 
out  by  the  data,  served  as  one  of  the  basic 
reasons  why  both  strains  were  chosen. 

Protocols  now  recommended  by  FDA 
for  chronic  toxlcity-carclnogenicl^  test¬ 
ing  are  different  from  the  protocols  used 


for  the  carcinogenicity  testing  of  furazo¬ 
lidone.  These  current  protocols  include 
the  recommendation  that  drug  treatment 
be  continuous  throughout  the  experiment 
and  that  sacrifice  times  for  the  various 
groups  be  determined  by  criteria  differ¬ 
ent  from  those  used  in  the  furazolidone 
studies.  The  agency  does  not  disagree 
with  Mr.  Mantel’s  opinion  that  the  design 
of  the  experiments  and  the  ree  ulting  data 
are  not  ideal  for  use  of  the  extrapolation 
model  to  estimate  So  dose.  However,  this 
has  no  bearing  on  the  fact  that  the  data 
from  the  four  chronic  toxicity  studies  of 
furazolidone  are  the  best  that  are  avail¬ 
able  on  the  carcinc^enic  potency  of  the 
drug.  Thus,  FDA  is  obligated  to  make 
decisions  based  on  the  data  at  hand, 
using  the  best  techniques  available  for 
this  purpose,  although  both  the  data  and 
the  extrapolative  techniques  have  limita¬ 
tions. 

To  address  the  second  point,  FDA  can¬ 
not  accept  an  arbitrarily  determined  life¬ 
span  for  test  animals  and  the  assumption 
that  tumors  beyond  a  certain  age  are 
insignificant.  For  rats,  it  is  true  that  the 
increase  in  tumors  with  age  tends  to  pla¬ 
teau  at  about  24  months  of  age.  How¬ 
ever,  total  tumors  in  a  rate  population 
may  continue  to  Increase  slowly.  Unless 
a  regression  mechanism  is  operative  in 
the  late-ln-life  period,  any  tumors  seen 
in  rats  at  ages  beyond  24  months  would 
include  those  produced  up  to  24  months 
of  age  plus  any  tumors  produced  after 
this  period. 

In  the  furazolidone  studies  there  were 
significant  Increases  in  the  numbers  of 
treated  rats  and  mice  with  tumors  (be¬ 
nign  and  malignant  combined)  when  tu¬ 
mors  were  counted  as  a  cumulative  index 
at  the  time  of  sacrifice  in  comparison 
with  controls,  in  spite  of  the  high  spon¬ 
taneous  rates  seen  in  the  control  groups. 

The  significance  of  these  data  bear 
on  the  hmnan  safety  determination. 
Cancer  is  generally  a  disease  of  the  aged. 
As  man’s  life  expectancy  increases  due 
primarily  to  modern  medicine  and  im¬ 
proved  nutrition  and  environment,  the 
probability  that  cancer  will  cause  death 
also  increases.  ’The  expression  of  cancer 
usually  evolves  after  a  period  of  latency. 
The  dose  level,  frequency,  and  duration 
of  exposure  to  a  compound  are  related 
not  only  to  whether  cancer  Is  induced  but 
also  to  the  latency  period  before  the  ex¬ 
pression  of  cancer.  Other  important  fac¬ 
tors  may  operate  to  accelerate  the  ex¬ 
pression  of  cancer. 

It  is  therefore  important,  when  using 
test  animals  to  determine  if  a  compound 
may  pose  a  carcinogenic  risk  to  man,  to 
consider  the  effects  during  the  various 
stages  of  life  including  the  late-in-llfe 
periods. 

It  is  important  to  consider  that  the 
strong  carcinogens  and  proximate  car¬ 
cinogens  are  generally  more  easily  identi¬ 
fied  through  testing  in  carcinogenic 
bloassays  than  are  the  weak  carcinogens 
and  the  procarcinogens  (a  compound 
that  becomes  altered  through  metabo¬ 
lism  to  form  an  active  carcinogen) ,  co¬ 
carcinogens.  tumor  promotors  and  tumor 
accelerators.  It  is  likely  that  the  number 
of  weak  carcinogens  and  nonproximate 
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carcinogens  exceeds  the  number  of 
stnmg  carcinogens  and  proximate  car¬ 
cinogens  and  would  represent  the  greater 
number  of  cmnpounds  for  which  FDA 
would  require  carcinogenic  testing  U 
their  possible  presence  in  food  was  under 
consideration.  The  duration  of  the  study 
may  affect  whether  a  cancer-inducing 
effect  is  detected.  Whether  a  compound 
is  a  proximate  carcinogen  or  a  procar¬ 
cinogen  of  whether  the  compound  is  a 
cocarcinogen  or  acts  to  induce  or  accel¬ 
erate  the  occurrence  of  tumors  which 
occur  in  the  aging  process  is  immaterial. 
If  the  end  result  of  exposure  to  the  com¬ 
pound  results  in  a  shortening  of  life,  the 
significance  to  man  is  great. 

It  is  therefore  important,  in  testing  for 
carcinogenesis,  to  determine  as  many 
effects  as  possible  throughout  the  life¬ 
span.  The  furazolidone  data  indicate  a 
significant  drug-related  effect  on  mor¬ 
tality.  Tlie  data  also  show  a  significant 
drug  effect  on  the  onset  time  of  tumor 
development,  tumor  multiplicity,  and  as 
stated  previously,  an  effect  on  the  cumu¬ 
lative  number  of  tumors  throughout  life, 
in  spite  of  the  high  spontaneous  rate  in 
controls. 

Mr.  Mantel  states  that  his  extrapola¬ 
tion  model  provides  a  best  estimate  of  So 
dose  when  the  incidence  of  spontaneous 
tumors  is  low.  Tliis  is  one  of  his  major 
reasons  for  using  a  “cutoff”  period  and 
using  only  malignant  tumors.  He  states 
that  his  procedure  is  much  more  rigorous 
and  conservative  when  the  incidence  of 
spontaneous  tumors  is  high,  and  he  fur¬ 
ther  states  it  is  more  difficult  to  deter¬ 
mine  experimentally  a  drug-induced 
effect  when  these  conditions  prevail.  For 
the  reasons  previously  stated,  FDA  does 
not  accept  that  these  factors  warrant 
adjustment  of  data  to  achieve  artiflcally 
a  low  ccmtrol  incidence.  In  spite  of  the 
difficulties  in  detecting  a  drug-induced 
effect  when  the  tumors  are  of  the  same 
type  as  those  which  occur  naturally,  such 
effects  were  seen  for  furazolidone,  based 
on  histopathology  at  sacrifice,  and  can¬ 
not  be  dismissed. 

The  fact  that  the  extrapolation  model 
provides  a  more  ccfnservative  estimate  of 
So  when  the  spontaneous  tumor  rate  is 
high  Is  not  an  inconsistency  in  the  model 
per  se.  It  Is  due  to  increased  variability 
in  estimating  Induced  tumor  rates  over 
the  high  spontaneous  rate  in  controls. 
When  a  nature  of  the  compound’s  car¬ 
cinogenic  potential  is  such  that  meas- 
lu-ement  of  that  potential  is  more  diffi¬ 
cult  in  a  bioassay  with  small  sample  size. 
It  is  not  unreasonable  that  the  model 
treat  this  situation  in  a  conservative 
fashion. 

SECOND  MAJOR  AREA  OF  OBJECTION 

Norwich  based  the  estimate  of  “safe” 
dose  on  the  analysis  of  malignant 
tumors  only.  The  firm  explained  that  it 
did  so  because  malignancy  is  the  major 
sign  of  carcinogenesis;  a  nonmalignant 
tumor  occurring  late  in  life  has  little  op¬ 
portunity  to  transform  to  malignancy, 
except  perhaps  very  late  in  life;  and  a 
reduced  spontaneous  rate  Is  achieved 
when  only  malignancies  are  used. 


Norwich  has  also  stated  that  non¬ 
malignant  tumors  In  long  duration  stud¬ 
ies  have  such  a  high  rate  of  spontaneous 
appearances  as  to  make  unfeasible  the 
establishment  of  “safe”  levels  by  the 
Mantel-Bryan  approach.  Norwich  states 
that  in  the  rate  experiments,  unrealistic- 
ally  low  “safe”  levels  are  derived  primari¬ 
ly  because,  with  the  high  spontaneous, 
tumor  occurrence,  the  Mantel-Bryan  pro¬ 
cedure  is  unable  to  distinguish  the  dif¬ 
ference  between  the  induced  rate  and  the 
spontaneous  rate. 

Although  there  is  no  disagreement  that 
malignancy  is  the  major  sign  of  carcino¬ 
genesis,  FDA  objects  to  the  Norwich  ap¬ 
proach  because  in  evaluating  tumor  data, 
several  situations  may  arise: 

1.  The  compoimd  induces  malignant 
tumors; 

2.  The  compoimd  induces  both  malig¬ 
nant  and  benign  tumors; 

3.  The  compound  induces  only  benign 
tumors; 

(a)  which  experts  might  agree  pose  no 
risk  of  cancer  and  for  which  criteria 
other  than  a  Mantel-Bryan  extrapola¬ 
tion  are  more  appropriate  to  estimate  So, 
or 

(b>  which  experts  judge  are  equivocal 
for  interpretations  about  cancer  pjoten- 
tial  and  ^ould  be  treated  as  carcinogens 
until  any  uncertainties  are  resolved. 

Special  consideration  is  given  to  com¬ 
pounds  that  fall  into  situation  3(a) 
above.  However,  for  those  compounds  in 
the  remaining  situations,  a  conservative 
approach  must  be  taken  in  the  estimation 
of  Sc  to  assure  adequate  protection  of  hu- 
mams  from  exposure  to  carcinogens  and 
suspect  carcinogens.  The  gray  zones  of 
interpretation  of  tumor  findings  are  rec¬ 
ognized  along  with  the  Imitations  in  the 
state-of-the-art  for  carcinogenic  bio- 
assay.  Therefore,  both  malignant  and 
benign  tumors  c(»nbined  ordinarily 
should  be  used  for  the  extrapolation  of 
So.  Certain  tumors  would  be  excluded 
only  when  there  w'as  a  risk  that  these 
tumors,  if  included,  might  dilute  the  esti¬ 
mate  of  the  total  neoplastic  activity. 

When  a  compound  is  known  to  induce 
malignant  tumors,  the  concurrent  in¬ 
duction  of  benign  tumors  has  a  greater 
weight  of  importance  in  assessing  neo¬ 
plastic  activity  than  might  be  given  in  the 
absence  of  evidence  of  malignant  tumors. 
'The  fact  that  organ  specificity  has  been 
demonstrated  does  not  aUow  one  to  place 
any  less  significance  upon  the  cumulative 
induction  of  tumors  at  all  sites. 

As  presented  in  the  10  summary  points 
at  the  conclusion  of  section  I  of  this  no¬ 
tice,  there  was  evidence  of  the  induction 
of  malignancies  in  both  species;  of  dif¬ 
ferent  target  sites  in  rats  and  mice;  and 
of  site-specific  and  rand<xn-tumor  induc- 
tlcm  in  both  species.  Whm  these  findings 
are  combined  with  the  fact  that  there  is 
an  absence  of  Information  on  human  sen¬ 
sitivity  to  furazolidone,  it  must  be  as¬ 
sumed  that  all  tumors  (malignant  and 
benign)  have  significance  in  assessing 
the  neoplastic  activity  of  furazolidone  to 
assure  adequate  protection  of  puUic 
health. 

Limitations  in  the  state-of-the-art  to 
evaluate  cancer  potential  must  also  be 
weighed  In  judging  the  degree  of  con¬ 


servatism  which  must  be  ai^Jlied.  Animal 
experimentation  has  its  limitations  as  a 
means  of  estimating  the  neoplastic  po¬ 
tential  for  humans.  Major  considera¬ 
tions  include  the  limitations  In  the  test 
animal  group  size,  and  susceptibility  of 
the  test  animals  compared  to  the  un¬ 
known  susceptibilities  of  a  heterogeneous 
human  population.  Also,  humans  are  ex- 
r>osed  to  an  array  of  stress  phenomena, 
including  exc>osure  to  many  agents  which 
may  be  cocarcinogens. 

There  are  also  uncertainties  and  lim¬ 
itations  in  the  examination  of  some 
tumors  to  determine  if  they  have  malig¬ 
nant  potential.  For  example,  in  the  early 
stages  of  a  mammary  tumor  growth,  the 
mass  may  be  chiefiy  adenomatous.  As 
growth  continues,  the  supporting  white 
fibrous  connective  tissue  may  also  begin 
to  proliferate,  resulting  in  a  fibroade¬ 
noma.  Later,  the  adenomatous  part  of 
the  neoplastic  mass  may  entirely  disap¬ 
pear,  leaving  a  fibroma.  Finally,  a  part  of 
the  adenoma  or  fibroadenoma  may  de¬ 
velop  malignant  tendencies  and  that  por¬ 
tion  may  then  become  an  adenocafei- 
noma.  All  four  tumor  types,  l.e.,  adenoma, 
fibroadenoma,  fibroma,  and  adenocarci¬ 
noma  may  be  present  in  the  same  tumor 
mass.  A  small  focus  of  adenocarcinoma  in 
the  early  stage  of  a  malignant  tumor  may 
be  overlooked  in  the  tumor  growth  un¬ 
less  adequate  multiple  sections  of  the 
tumor  are  made. 

Also,  unless  great  care  is  exercised  in 
the  evaluation  of  the  spread  of  an  ade¬ 
nocarcinoma  of  the  mammary  gland,  the 
metastasis  along  the  lymphatic  rout 
passing  through,  under  or  near  other 
mammary  glands  may  be  considered  to  be 
separate  primary  adenocarcinomas 
rather  than  a  single  primary  growth 
with  multiple  metastases. 

It  may  be  debated  whether  fibroade¬ 
nomas  of  the  mammary  gland  in  humans 
progress  to  adenocarcinomas.  It  is  diffi¬ 
cult  at  best  to  interpret  inferential  in¬ 
formation  from  human  experience  be¬ 
cause  adequate  cwitrolled  studies  in 
humans  are  generally  not  feasible.  Re¬ 
gardless  of  what  is  knowui  about  mam¬ 
mary  tumors  In  humans,  it  cannot  be  as¬ 
sumed  that  furazolidone-induced  mam¬ 
mary  tumors  in  rats  are  comparable.  Fu¬ 
razolidone  may  cause  different  kinds  of 
tumors  (type  and  site)  in  man  than  in 
rats,  and  it  may  infiuence  not  only  the 
induction  of  benign  tiunors  In  man  but 
also  the  progression  of  benign  tumors 
to  malignancies. 

Furazolidone  is  not  limited  to  effects 
on  the  mammary  glands.  For  the  various 
other  types  of  tumors,  such  as  the  lung 
tumors  in  the  mice,  it  is  precarious  to  as¬ 
sume,  for  example,  that  bronchial  ade¬ 
nomas  are  not  precancerous. 

Demonstration  that  furazolidone  in¬ 
duces  malignant  as  well  as  benign  tumors 
dictates  the  need  to  fidlow  a  conservative 
approach  and  to  consider  all  tumors  in 
the  evaluatiim  of  the  nei^lastlc  potency 
for  furazolidone  and  the  estimate  of  S... 

ANOTHER  OBJECTION  TO  THE  NORWICH 
APPROACH 

Norwich  combined  the  male  and  fe¬ 
male  rat  tumor  data  and  the  data  from 
all  of  the  rat  studies  in  the  estimation  of 
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So  In  the  rats.  When  the  Norwich  ap¬ 
proach  and  assumptions  described  a^ 
rejected  in  the  preceding  discussion  are 
used,  there  is  no  statistically  significant 
difference  between  the  sexes  based  on  the 
Incidence  of  rats  with  malignancies  at 
the  “cutoff"  period.  Mr.  Mantel  admits  In 
the  Norwich  submission  that  the  proto- 
c<ds  of  the  three  rat  studies  are  not  of 
compatible  design  for  pooling  the  data; 
however,  he  then  nmkes  the  adjustments 
described  above  in  order  to  aUe  to 
pool  the  data. 

llie  combining  of  the  male  and  female 
rat  data  is  not  acceptable  to  FDA  be¬ 
cause  the  tumor  types  are  sex-related. 
In  each  of  the  experiments  the  predomi¬ 
nant  effect  seen  in  the  female  groups  was 
a  mammary  tumor  effect,  although  other 
tumor  types  also  were  observed.  How¬ 
ever,  in  each  of  the  male  groups,  no  sig¬ 
nificant  mammary  tumor  effect  was  ob¬ 
served,  and  significant  effects  were 
observed  for  other  tumor  types. 

Also,  FDA  does  not  accept  the  pooling 
of  the  data  in  the  three  rat  studies  be¬ 
cause  of  the  differences  in  the  protocols 
used  and  because  FDA  does  not  accept 
the  adjustment  of  the  data  as  propos^ 
by  Norwich  to  provide  more  comparabil¬ 
ity  among  the  studies.  However,  FDA 
does  accept  the  combination  of  male  and 
female  mice  data  because  there  are  no 
significant  differences  in  the  tiunor  re¬ 
sponses  of  the  sexes. 

According  to  the  Norwich  approach, 
the  mouse  data  (male  and  female  com¬ 
bined)  provided  the  most  conservative 
estimation  of  So,  l.e.,  21  ppb.  The  Direc¬ 
tor  concludes  that  this  estimated  “safe" 
dose  of  21  i^b  for  furazolidone  is  not 
acceptable  because  of  the  way  in  which 
Norwich  selected  and  used  the  data.  The 
Director  observes  that  if  the  data  pro¬ 
vided  by  Norwich  are  correctly  used  in 
the  extrapolation  procedure  proposed  by 
Norwich,  the  So  estimate  for  furazolidone 
would  be  0.5  ppb  based  on  the  female  rats 
in  the  low-dose  Sprague-Dawley  study 
and  the  female  rats  in  the  Fischer  study, 
each  separately  considered. 

However,  the  Director  concludes  from 
the  preceding  step  that  adequate  infor¬ 
mation  has  not  been  presented  to  show 
that  the  estimate  of  ^  for  furazolidone 
can  be  used  as  an  adequately  conserva¬ 
tive  estimate  of  So  for  total  residue. 

Even  if  it  is  assumed  that  the  So  of 
0.5  ppb  is  adequate,  the  sponsors  of  fura¬ 
zolidone  have  failed  to  provide  adequate 
methods  of  analysis  to  assure  no  resi¬ 
dues.  For  example,  the  daily  human  con¬ 
sumption  of  muscle  tissue  might  be  one- 
third  of  the  total  daily  diet  excluding 
fluids  based  on  that  segment  of  the  pop¬ 
ulation  which  consumes  meat  as  a  high 
proportion  of  the  diet. 

Therefore,  to  assure  adequate  protec¬ 
tion  of  the  public  health,  it  would  be 
necessary  for  the  sponsors  at  least  to 
show  that  total  residues  In  muscle  tissue 
did  not  exceed  1.5  ppb  in  order  to  assiue 
that  the  hmnan  exposure  in  the  total 
dally  diet  does  not  exceed  0.5  ppb.  As 
demonstrated  in  step  (1),  Norwich  has 
not  provided  this  showing.  In  addition, 
the  succeeding  steps  show  that  the  avail¬ 
able  methods  of  analysis  are  not  ade- 
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quate.  Nor  can  conditions  of  safe  use  be 
established. 

(4)  Sufficient  Information  Has  Not 
Been  Developed  about  the  Residues  to 
Determine  the  Tissue  from  which  Resi¬ 
dues  Deplete  the  Slowest  and  Must  be 
Monitored  by  the  Regulatory  Assay 
{Called  the  Target  Tissue)  and  the  Com¬ 
pound  that  is  to  be  Measured  in  the  Reg¬ 
ulatory  Assay  so  that  its  Measurement 
Can  Assure  There  Will  Be  No  Residues 
of  Potential  Carcinogenic  Concern.  ( This 
Compound  is  Called  the  Marker.)  In  the 
Norwich  sulunlsslon  of  November  11, 
1975,  reference  is  made  to  the  Perez- 
Weber  paper,  cited  above,  and  another 
paper  by  FDA  scientists  A.  C.  Kolbye 
and  M.  K.  Perez  entitled  “Human  Safety 
Considerations  from  the  Use  of  Anabolic 
Agents  In  Food-Producing  Animals" 
(Coulston/Korte  Enviroiunental  Quality 
and  Safety,  Supplement  V.  in  press — 
George  Thieme  Verlag  Stuttgart) .  Copies 
of  these  papers  have  been  placed  on  file 
with  the  Hearing  Clerk,  Food  and  Drug 
Administration.  Ihese  papers  describe 
the  basic  approach  accepted  by  the  agen¬ 
cy  for  use  of  the  extrapolative  model  in 
estimating  So  and  then  proceeding  from 
So  to  the  estimated  “safe"  concentration 
in  edible  products  and  finally  proceeding 
to  the  derivation  of  the  minimum  re¬ 
quired  assay  sensitivity. 

However,  the  Norwich  submission  ig¬ 
nores  these  basic  steps  and  the  informa¬ 
tion  required  to  derive  the  minimum 
required  assay  sensitivity. 

(i)  Determination  of  the  Target  Tis¬ 
sue:  The  most  practical  approach  to 
monitoring  and  controlling  residues  in 
the  field  is  dependent  on  the  selection  of 
that  edible  tissue  from  which  residues 
deplete  to  a  “safe  concentration"  the 
slowest.  Therefore,  by  monit(»’ing  this 
tissue  to  assure  that  residues  are  below  a 
“safe  concoitratlon,”  it  can  be  assured 
that  all  residues  in  the  carcass  are  below 
“safe  concentrations."  In  lieu  of  this  de¬ 
termination,  all  edible  tissues  must  be 
monitored — placing  an  additional  bur¬ 
den  on  public  funds  for  monitoring. 

The  target  tissue  is  readily  identified 
if  the  requirements  of  step  (1)  are  met. 
However,  Norwich  has  failed  to  meet 
these  requirements  and  therefore  a  tar¬ 
get  tissue  cannot  be  selected. 

(ii)  Determination  of  the  Compoimd 
(Marker)  which  can  be  Measxu^  by  the 
Analytical  Method  to  Assure  Conti^  of 
Total  Residues:  Because  the  radiolabeled 
drug  approach  to  the  measurement  of 
total  residues  is  not  applicable  to  field 
use.  an  alternative  approach  must  be  de¬ 
veloped  to  assure  control  of  total  res¬ 
idues.  This  is  achieved  by  selecting  an 
appropriate  residue  compoimd.  which 
may  be  the  parent  drug  or  one  or  more 
metabolites,  in  such  a  way  that  its  meas¬ 
urement  serves  as  a  valid  indicator  that 
when  there  is  no  residue  of  the  marker 
in  the  target  tissue,  there  are  “no  res¬ 
idues"  of  carcinogoiic  concern.  This  step 
is  essential  to  determine  if  the  method 
of  analysis  for  regulatory  use  is  adequate. 
To  determine  a  valid  marker,  adequate 
Information,  such  as  is  derived  from  con¬ 
ducting  an  adequate  metabolism  study.  Is 
required  which  relates  the  proportionate 
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amount  of  each  of  the  residues  to  the 
total  residue  and  their  change  In  quan¬ 
titative  relationships  with  time.  The 
maj’kp.r  must  be  a  known  prc^rtlon  of 
the  total  residue  when  the  total  residue 
dei^etes  to  the  “safe  concentration"  in 
the  target  tissue.  It  also  must  be  struc%u- 
raUy  identified  so  that  an  adequate  and 
specific  method  of  analysis  can  be  de¬ 
veloped  for  its  determination. 

The  regulatory  method  proposed  by 
Norwich  to  control  residues  uses  the 
parent  drug,  furazc^done,  as  a  marker. 
Norwich  has  failed  to  submit  substanti¬ 
ating  evidence  that  the  measurement  of 
furazolidone  is  adequate  to  control  total 
residues  of  potent!^  carcinogenic  con- 
cerru 

Norwich  has  failed  to  provide  data  on 
the  amount  of  total  residues  and  to  de¬ 
termine  the  quantitative  relationship  of 
the  parent  drug  to  the  total  residue  to 
see  if  it  can  serve  as  a  valid  marker  as 
described  in  the  Peyez- Weber  paper  cited 
previously  and  referred  to  by  Norwich. 
If  It  were  assiuned  that  the  parent  drug 
could  serve  as  a  valid  marker,  its  amount 
in  tissue  when  total  residues  reach  the 
“safe  concmtratlon"  in  tissue  would 
have  to  be  known  as  an  essential  figure 
from  which  to  compute  the  minimum  re¬ 
quired  assay  sensitivity.  Norwich  has 
failed  to  provide  any  of  this  information. 

Even  if  FDA  were  to  assume  that  1.5 
ppb  is  the  “safe  concentration"  in  the 
edible  tissue;  and  it  were  to  assume  that 
furazolidone  is  90%  of  the  residue  (which 
is  very  unlikely) ;  and  If  FDA  were  to 
further  assiune  that  a  method  of  analy¬ 
sis  were  available  that  would  reliably  re¬ 
cover  75%  of  the  residue  from  tissue, 
which  is  not  the  case  as  shown  in  step 
(5) ,  then,  even  with  all  of  these  assump¬ 
tions,  the  method  of  analysis  would  have 
to  have  as  a  minimum  a  lower  limit  of 
reliable  measurement  of  about  1  to 
assure  ccmtrol  of  total  residues  of  po¬ 
tential  carcinogenic  concern.  As  also 
shown  in  step  (5) ,  the  available  methods 
of  analysis  do  not  even  meet  this  sensi¬ 
tivity,  based  on  very  liberal  assumptions. 

The  Director  (xmcludes  that  the  essen¬ 
tial  information  required  to  determine  if 
the  mefisurement  of  furazolidcme  can  be 
used  to  control  total  residue,  within  the 
meaning  cff  the  act.  has  not  been  pro¬ 
vided.  Although  sufficient  Informatimi 
has  been  provided  for  the  Director  to 
conclude  that  the  current  methods  of 
analysis  are  not  adequate,  the  Director 
cannot  prescribe  those  conditions  that 
would  be  adequate  because  of  the  lack  of 
essential  information. 

(5)  A  Practicable  Method  of  Analysis 
Has  Not  Been  Developed  for  Residues 
That  Can  Measure  the  Marker  in  the 
Target  Tissue  at  a  Level  Which  at  Least 
Assures  That  the  Total  Residues  of  Po¬ 
tential  Carcinogenic  Concern  in  tho  To¬ 
tal  Daily  Diet  of  Humans  Does  Not  Ex¬ 
ceed  the  Level  Established  in  Step  (3). 
Section  514.1(b)(7)  (21  CFR  514.1(b) 
(7) )  requires  the  sponsor  of  a  new  ani¬ 
mal  drug  application  to  provide  a  practi¬ 
cable  method  of  analysis  to  be  u;^  for 
the  control  of  residues  of  his  product. 
When  the  drug  In  question  is  a  carcino¬ 
gen,  it  is  also  required  by  this  section 
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that  the  method  be  presented  in  a  form 
suitable  for  publicatlcm  in  the  Federal 
Register.  A  “practicable”  method  is  de¬ 
fined  by  EDA  as  one  which  reliably  meas¬ 
ures  the  compoimd  throughout  all  resi¬ 
due  levels  of  interest,  and  also  is  sufB- 
cientiy  rapid  and  reasonable  in  terms  of 
the  expertise  and  equipment  required  to 
be  applicable  for  use  in  the  surveillance 
and  control  of  residues.  “Reliability”  is  a 
combination  of  accuracy,  precision  and 
specificity.  Accuracy  and  precision  are 
quantitative  terms.  “Accuracy”  is  the 
measure  of  deviaticm  from  the  true  value, 
and  “precision"  refers  to  the  variability 
of  measurements  in  replications  either  by 
one  ansdyst  or  within  a  laboratory  or  be¬ 
tween  laboratories.  A  method  may  pro¬ 
vide  reliable  measurement  if  the  meas¬ 
urements  are  not  too  variable  even 
though  it  measures  less  than  or  more 
than  100%  of  the  true  value.  Therefore, 
accuracy  and  precision  must  be  consid¬ 
ered  together. 

“Specificity”  is  a  qualitative  term.  The 
measurements  obtained  by  the  method 
must  reflect  only  the  compound  of  in¬ 
terest.  Because  the  method  will  be  used 
on  samples  from  animals  for  which  ex¬ 
posure  history  is  unknown,  the  tech¬ 
niques  used  in  the  method  must  be  ade¬ 
quate  to  assure  not  only  the  integrity  of 
the  measurements,  but  also  the  identity 
of  the  residue  to  the  exclusion  of  other 
possible  interfering  substances.  There¬ 
fore,  when  the  quantitative  measure¬ 
ments  are  made  by  techniques  which  are 
not  inherently  specific,  e.g.,  chromato¬ 
graphic  techniques,  a  special  confirma¬ 
tory  test  is  required  as  part  of  the  official 
method  to  assure  the  identity  of  the 
residue. 

measurement  of  the  compound 

Prior  to  receiving  reports  that  the  ni- 
trofurans  induced  tumors  in  female  rats, 
FDA  had  accepted  methods  for  residue 
analysis  supplied  by  the  drug  sponsors 
with  a  lower  limit  of  detection  of  furaz¬ 
olidone  of  0.1  part  per  million  (ppm) 
in  swine  tissue  and  1.0  ppm  in  poultry 
tissue.  These  methods  were  accepted  on 
the  basis  of  validation  data  presented  by 
the  sponsors  and  were  not  subject  to  trial 
in  government  laboratories. 

After  FDA  received  reports  that  nitro- 
furans  had  induced  tumors  in  female 
rats,  the  drug  sponsors  were  advised  in 
1969  and  officially  informed  in  a  confer¬ 
ence  held  January  4,  1971,  that  the  resi¬ 
due  methods  were  no  longer  deemed  ade¬ 
quate  and  that  tissue  residue  methods 
for  furazolidone  were  needed  to  measure 
residues  at  least  as  low  as  2  ppb.  In  re¬ 
sponse  to  the  notices  of  opportimity  for 
hearing  published  in  the  Federal  Reg¬ 
ister  in  1971,  Norwich  and  other  spon¬ 
sors  submitt^  new'ly  developed  tissue 
residue  methods  for  furazolidone  to  FDA 
for  evaluation.  The  first  submission  was 
tested  and  found  deficient.  Portions  of 
the  method  were  not  written  in  a  clear, 
unambiguous  manner  nor  in  sufficient 
detail.  Therefore,  it  was  not  clear  ini¬ 
tially  whether  the  FDA  analyst’s  inabil¬ 
ity  to  use  the  method  satisfactorily  was 
due  to  Inherent  deficiencies  in  the  meth¬ 
od  or  Inadequate  description  of  the 


method.  Subsequently,  both  types  of  de¬ 
ficiencies  were  found. 

Food  and  Drug  Administration  chem¬ 
ists  continued  to  woiic  with  Norwich  to 
overcome  the  analytical  difficulties  until 
March  1972,  at  which  time  Norwich  in¬ 
dicated  that  it  could  submit  revised 
methods  and  supporting  data  for  furaz- 
olidmie.  Norwich  had  concentrated  on 
the  tissue  method  for  furazolidone  in  the 
belief  that  if  the  method  could  be  worked 
out  fcH*  that  nitrofuran,  adoption  of  the 
method  for  residues  of  other  nitrofurans 
would  not  present  any  formidable  prob¬ 
lem.  The  revised  methods  were  submitted 
April  4,  1972.  Minor  changes  were  mu¬ 
tually  agreed  upon  based  on  an  FDA 
review. 

On  May  16,  1972,  steps  were  under¬ 
taken  to  proceed  with  laboratory  valida¬ 
tion  of  the  methods  for  furazolidone  tis¬ 
sue  residues.  Three  government  labora¬ 
tories  participated  in  the  method  vali¬ 
dation.  The  trial  involved  studies  of  the 
recovery  of  furazolidone  from  homoge¬ 
nized  samples  of  muscle  and  liver  tissues 
from  turkeys  and  swine  to  which  fura¬ 
zolidone  had  been  added  by  the  analyst  to 
achieve  a  drug  concentration  of  2  ppb 
(.spiked  tissue) ;  and  the  analysis  of  mus¬ 
cle  and  liver  tissues  from  swine  and  tur¬ 
keys  that  had  been  medicated  with  fura¬ 
zolidone  to  produce  naturally  Incurred 
residues  (dosed  tissues) .  Norwich  vi’as  re¬ 
quested  to  supply  dosed  tissues  contain¬ 
ing  residues  at  or  near  2  ppb.  According 
to  Norwich,  the  dosed  tissues  that  it  sup¬ 
plied  for  the  validation  trial  gave  read¬ 
ings  of  0.8  ppb  in  swine  and  turkey  mus¬ 
cle  tissue  and  0.4  ppb  in  liver  of  both 
turkeys  and  swine  b^ed  on  the  results 
uncorrected  for  recovery  by  the  method 
of  analysis  undergoing  trial. 

The  stipulated  conditions  of  the 
method  to  be  validated  were  that  an 
analytical  response  that  was  at  least  25% 
of  that  produced  by  comparison  with  a  2 
ppb  analytical  standard  of  furazolidone 
would  be  accepted  as  representing  a  resi¬ 
due  of  furazolidone  of  2  ppb  or  greater. 
This  was  to  com];>ensate  for  the  inability 
of  the  method  to  provide  for  near  total 
recovery  of  the  residue.  At  that  time, 
FDA  was  giving  consideration  to  the  ac¬ 
ceptance  of  methods  for  carcinogenic 
drugs  which  w’ere  not  quantitative  if  the 
reproducibility  of  the  method  was  ade¬ 
quate  and  compensation  could  be  made 
for  the  low  recovery.  (Twenty-five  per¬ 
cent  recovery  would  not  be  acceptable 
imder  current  standards  for  regulatory 
methods  of  analysis.)  Based  on  the  re¬ 
sults  of  the  trial.  FDA  rejected  the  resi¬ 
due  method  for  furazolidone. 

a.  Spiked  tissue:  The  variability  of  re¬ 
coveries  from  spiked  tissues  was  too  great 
to  assure  with  reasonable  confidence  that 
the  procedure  would  provide  a  practic¬ 
able  method  for  regulatory  enforcement. 
'The  recoveries  in  the  laboratories  over  all 
tissues  ranged  from  5%  to  75%  and  did 
not  therefore  provide  assurance  that  at 
least  25%  recovery  was  consistently  ob¬ 
tained  in  all  tissues. 

A  statistical  analysis  was  performed  on 
the  data  from  the  spiked  tissue  samples 
to  determine  what  percwit  of  samples  in 
a  total  population  containing  2  piA)  of 


residue  may  not  be  detected  by  the  assay. 
“Detected”  was  defined  as  giving  a  read¬ 
ing  of  25%  or  more  of  the  reading  ob¬ 
tained  from  a  2  ppb  analytical  standard 
of  furazolidone  as  describe  above.  In  one 
of  the  government  laboratories  (UB.  De¬ 
partment  of  Agriculture) ,  the  percent  of 
projected  failures  was  computed  to  be 
(a)  43%  based  on  dichotomous  treatment 
of  the  sample  data  at  the  95%  confidence 
level;  (b)  28%  with  an  assumed  normal 
distribution  for  the  sample  data  and 
using  the  mean  and  standard  deviation 
estimated  from  the  sample  data,  or  (c) 
46%  with  an  assumed  normal  distribu¬ 
tion  of  the  sample  data  and  using  a  lower 
95%  confidence  limit  on  the  sample  mean 
and  upper  95%  confidence  limit  on  the 
sample  standard  deviation. 

b.  Dosed  tissue:  None  of  the  tliree 
validating  laboratories  could  verify  the 
sponsor’s  findings  on  the  dosed  tissues 
from  medicated  swine  or  turkeys.  For 
example,  17  analj’ses  were  conducted  on 
turkey  and  swine  muscle  tissue  stated  by 
the  sponsor  to  contain  2  ppb  furazolidone 
(actual  analytical  reading  of  0.8  ppb). 
Of  these  17  analyses,  only  2  positive  find¬ 
ings  (not  corrected  for  recovery).  i.e., 
0.6  ppb  and  5.1  ppb,  were  reported.  Posi¬ 
tive  findings  on  Uiese  two  samples  could 
not  be  obtained  in  subsequent  analyses. 
One  laboratory  obtained  zero  readings  in 
three  out  of  nine  runs  of  the  dosed  mus¬ 
cle  tissue  sample  where  the  5.1  ppb  result 
was  found  by  another  laboratory. 

Norwich  was  informed  by  FDA  in  con¬ 
ferences  of  the  results  of  the  validation 
trial,  and  FDA  rejected  the  tissue  residue 
method  for  furazolidone.  Norwich  was 
informed  that  not  only  was  its  method 
deficient  in  terms  of  accuracy  and  preci¬ 
sion,  but  that  a  confii’matory  meth(^  was 
required  to  provide  adequate  identifica¬ 
tion  of  the  residue  measured  by  the  thin 
layer  chromatographic  method.  This 
confirmatory  method  requirement  was 
considered  necessary  based  on  general 
experience  of  FDA  with  the  occurrence 
of  false  positive  results  when  detection 
and  measurement  techniques  are  used 
which  are  not  Inherently  specific,  e.g., 
the  chromatographic  techniques.  The 
probability  of  occurrence  of  false  positive 
results  due  to  impredictable  interferences 
increases,  particularly  when  residue 
measurement  is  necessary  at  extremely 
low  levels.  Furthermore,  difficulties  en¬ 
countered  in  testing  the  assay  method 
and  replication  of  results  indicated  a 
need  to  assure  specificity  of  the  residue 
method. 

While  the  validation  of  tlic  1972 
method  was  in  progress,  Norwich  was 
exploring  the  use  of  new  instrumentation 
(programmed  multiple  development  thin 
layer  chromatography  (PMD-TLC) )  and 
the  mechanization  of  spotting  thin  layer 
chromatography  plates.  It  was  believed 
that  these  new  techniques,  both  the  new 
instrumentation  and  the  mechanization 
of  spotting  thin  layer  chromatography 
plates,  would  result  in  improved  recovery 
data.  Based  on  the  new  developments, 
Norwich  requested  an  extension  of  time 
to  complete  development  of  the  PMD- 
TLC  method.  New  data  using  this  mettod 
on  chicken,  turkey,  swine  and  calves  tis- 
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sues  were  submitted  by  sponsors  In 
September  1974,  and  reviewed  by  FT>A. 

Hie  recovery  data  reported  by  Nor¬ 
wich  for  the  2  ppb  levd  of  measurement 
using  the  PMD-TLC  method  were  vari¬ 
able  and  not  substantially  improved  from 
that  previously  submitted,  in  1972,  which 
had  been  found  vmacceptable  in  t^  vali¬ 
dation  trial.  Therefore,  the  1974  data  on 
furazolidone  were  rejected  as  insufficient 
to  support  a  new  method  validation  trial. 
The  data  Norwich  had  submitted  in  1972 
to  support  conducting  the  validation  trial 
only  included  data  on  swine  and  chicken 
tissues.  Hiese  data  showed  that  recov¬ 
eries  in  swine  tissues  ranged  from  24%  to 
60%  and  in  chicken  tissues  from  34%  to 
58%.  The  data  submitted  in  1974  using 
the  PMD-TLC  method  included  recovery 
data  for  swine,  calves,  chickens  and  tur¬ 
keys.  Although  these  data  indicate  a  gen¬ 
erally  higher  recovery  than  the  1972 
data,  there  was  no  meaningful  improve¬ 
ment  because  of  the  greater  variability. 
Norwich  did  not  submit  sample  calcula¬ 
tions.  However,  the  FDA  interpretation 
of  the  firm’s  data  indicates,  for  example, 
the  following  range  of  recoveries  for  the 
analysis  of  chicken  liver  spiked  at  2  M>b 
with  furazolidone  cm  4  different  days: 
118%-121%,  71%-99%,  70%-146%  and 
48%-71%.  The  lowest  recovery  reported 
was  with  swine  fat  tissue  where  the  anal¬ 
yses  were  only  done  on  1  day  and  accord¬ 
ing  to  the  FDA  interpretation  of  the  data, 
ranged  from  28%-90%  recovery. 

Norwich  claims  that  recoveries  in  non¬ 
fatty  tissues  ranged  from  36.2%  to  91.5% 
with  a  mean  of  62%  and  a  relative  stand¬ 
ard  deviation  of  18.8%.  It  claimed  the 
fatty  tissues  ranged  from  32%-76.2% 
with  a  mean  of  53.2%  and  a  rdatlve 
standard  deviation  of  24%.  However,  the 
basis  for  these  conclusions  is  not  evident 
from  the  individual  data  submitted.  In 
fact,  the  individual  data  appear  to  con¬ 
tradict  the  conclusion  because  in  many 
cases  the  upper  range  of  recovery  ex¬ 
ceeded  100%,  according  to  FDA  inter¬ 
pretation  of  the  data  submitted.  Regs^- 
less  of  whose  interpretation  is  con^t, 
the  degree  of  accuracy  and  precision  is 
not  acceptaUe  in  either  case. 

Moreover,  Norwich  rejected  results  for 
about  10%  of  the  non-fatty  samples 
analyzed  and  12%  of  the  fatty  samites 
analyzed  because  of  inconsistent  results 
which  it  claims  were  attributable  to 
mechanical  loss,  contamination,  high 
control  tissue  values,  incorrect  sample 
fortification,  TliC  spots  not  correspond¬ 
ing  to  the  appropriate  Rt  values  or  the 
presence  of  an  interfering  fluorescent 
band.  Although  it  may  be  reasonable  to 
exclude  certain  outlying  data  from  the 
data  reducti(m  analysis,  FDA  considers 
the  rate  of  exclusion  excessive  and,  in 
some  cases,  invalid  and  prejudicial.  For 
example,  difficulties  with  high  control 
samples  and  Interferences  are  indicative 
of  potential  inherent  flaws  in  the  method. 

The  Director  concludes  that  practi¬ 
cable  methods  (ff  analysis  for  tissue  resi¬ 
dues  of  furazolidone  are  not  available. 
Hie  methods  provided  for  the  determina¬ 
tion  of  furaz(^doQe  are  not  reliable  in 
that  they  are  not  quantitatively  reliable 
at  the  levels  of  interest,  1.6.,  they  are  not 
sufficiently  accurate  or  precise,  and  they 


are  not  adequately  specific  to  assure 
qualitative  reliability.  Iherefore.  on  this 
basis  alone,  they  would  not  be  practicable 
for  monitoring  and  enforconent. 

F\u1Jiermore,  the  Director  c<mcludes 
that  adequate  Information  has  not  been 
movided  to  assure  that  measurement  of 
furazolidone,  as  a  maiicer,  is  adequate  to 
control  all  potentially  carcinogenic  resi¬ 
dues  that  may  result  from  the  use  of  the 
drug  and  that  the  methods  are  not  ade¬ 
quately  sensitive. 

(6)  Practical  Conditions  of  Use  Can¬ 
not  be  Prescribed  on  the  Label  of  the 
Product  to  Assure  “No  Residue”.  Nor¬ 
wich  has  provided  data  which  demon¬ 
strate  that  furazolidone  is  present  in  the 
edible  tissues  of  treated  animals  and 
that  a  withdrawal  period  is  required  as 
a  condition  of  use  to  assure  "no  residue’*. 

A  withdrawal  period  is  the  time  fol¬ 
lowing  drug  treatment  when  a  treated 
animal  cannot  be  slaughtered  for  food. 
A  withdrawal  period  must  be  sufficiently 
Icxig  to  assure  adequate  depletion  of  the 
residues,  but  it  cannot  be  so  long  that  it 
is  impractical  and  would  not  likely  be 
followed  in  practice.  Section  512(d)(1) 
(H)  of  the  act  requires  that  for  a  car¬ 
cinogenic  drug,  no  residues  are  per¬ 
mitted  in  edible  products  “under  the  con¬ 
ditions  of  use  •  •  •  reasonably  certain 
to  be  followed  in  practice’’. 

It  is  required  by  PDA  that  residue  de¬ 
pletion  studies  be  conducted  under  simu¬ 
lated  field  use  conditions  to  develop  data 
for  establishing  the  withdrawal  period. 
An  adequate  analytical  method  for  resi¬ 
dues,  preferably  the  same  method  that 
will  be  approved  for  regulatory  use,  must 
be  used  to  measure  the  residues. 

Two  types  of  studies  were  used  by  the 
drug  sponsors  to  provide  Information  on 
parent  drug  residues  of  furazolldcme  and 
their  depletion  with  time.  These  studies 
were  submitted  to  FDA  to  support  the 
adequacy  of  the  withdrawal  p^od. 

One  type  of  study  used  furazolidone 
which  was  radiolabeled  with  carbon- 14 
in  the  ring.  A  reverse  isotope  dilution 
technique  was  used  to  measure  that  por¬ 
tion  of  the  total  radioactive  residue 
which  was  the  parmt  drug.  In  these 
studies,  data  were  not  presented  on  the 
total  amount  of  radioactive  residue. 

In  the  other  type  of  study  a  chemical 
assay  was  used  to  measure  the  parent 
drug  residue.  In  most  of  these  studies, 
the  chemical  method  used  to  measure 
furazolidone  was  very  similar  to  the 
method  that  had  been  subjected  to  vali¬ 
dation  trials  in  1972  and  shown  to  be 
uiu^llable.  AH  of  the  studies  were  con¬ 
ducted  prior  to  initiation  of  the  method 
validation  studies. 

Radiolabeled  studies  of  furazolidone 
were  conducted  only  with  chickens  and 
were  not  conducted  for  turkeys  or  swine. 
None  of  the  studies  measured  total  drug 
residues  which  the  Director  has  con¬ 
cluded  are  necessary.  A  discussion  of 
each  of  the  studies  follows. 

CHICKEN  STUDIES 

’Ihree  studies  were  submitted  (m  resi¬ 
due  depletion  of  the  parent  drug  fura- 
z<Hldone  from  medicated  chickens. 

1.  “Furazolidone  (NF-180)  Residues 
in  Chickens  and  Eggs,”  March  18  and 


July  7,  1969.  Final  Repcni,  Problem  No. 
461.03-A3,  NADA  9-393.  Vol.  4.  submit¬ 
ted  by  cover  letter  to  FDA  January  8. 
1971. 

Layer  rations  were  mixed  with  ring- 
labeled  furazolidone  at  levels  of  25,100 
and  200  grams  per  ton  and  fed  to  three 
groups  of  hens  for  14  days.  The  maxi¬ 
mum  use  amiroved  for  the  drug  is  200 
grams  per  ton  for  21  days.  Birds  were 
sacrificed  on  the  14th  day  of  medica¬ 
tion  (zero  day  withdrawal)  and  at  3  and 
5  days  following  withdrawal  from  med¬ 
ication.  Samples  of  liver,  kidney,  muscle 
and  skin  wi^  fat  from  six  birds  sacri¬ 
ficed  at  0  and  3  days  withdrawal  time 
were  analyzed. 

The  spmisor  claimed  its  radiotracer 
method  was  capable  of  measuring  fura¬ 
zolidone  as  low  as  2  ppb  via  a  reverse 
isotope  dilution  tech^que.  Using  this 
method,  the  sponsor  says  that  the  con¬ 
centration  of  furazolidcme  was  13  ppb 
in  skin  with  fat  samples  at  zero  with¬ 
drawal  from  birds  fed  200  grams  per  ton. 
F\irazolidone  was  not  detectable  in  all 
other  tissues  at  zero  withdrawal  or  de¬ 
tectable  in  any  tissues  after  3  days 
withdrawal. 

2.  “Direct  Extraction  Procedure  For 
Furazolidone  (NF-180)  in  Chicken, 
Swine  and  Turkey  Tissues  at  2  ppb,” 
September  2,  1971,  Project  475.17,  In¬ 
terim  Report  No.  5,  NADA  9-393,  Vol.  5. 

’The  report  contains  the  residue  results 
obtained  by  chemical  analysis  for  furzo- 
lidone  in  edible  tissues  of  chickens,  tur¬ 
keys  and  swine.  Results  from  the  turkey 
and  swine  studies  are  discussed  sep¬ 
arately  under  the  appropriate  subhead¬ 
ings. 

In  the  residue  depletion  study  for 
chickens,  furazolidone  was  fed  at  200 
grams  per  ton  for  14  days.  The  report 
presents  the  tissue  residue  values  of  fu¬ 
razolidone  in  liver,  muscle,  kidney,  and 
skin  with  fat  from  birds  sacrificed  at 
withdrawal  times  of  1,  4,  and  5  days.  At 
zero  withdrawal,  furazolidone  was  re¬ 
ported  in  skin  with  fat  samples  as  4.7 
ppb  and  7.1  ppb.  Furazolidone  was  re¬ 
ported  in  one  muscle  sample  as  2  ppb  at 
zero  withdrawal;  however,  the  sponsor 
admitted  uncertainty  about  this  finding. 
Skin  with  fat  samples  at  4  days  with¬ 
drawal  are  report^  as  2  ppb  in  one 
sample  and  a  questionable  result  in 
another  sample.  Hie  report  indicated 
that  all  other  samples  at  the  various 
withdrawal  times  did  not  contain  detect¬ 
able  levels  of  furazolidone.  ’Hie  drug 
sponsor  claimed  the  chemical  assay  was 
sensitive  to  2  ppb. 

3.  “Furazolidone  Depletion  Studies  in 
Chickens,”  Memorandum  from  Dr.  J.  P. 
Heotis  to  Mr.  G.  Gever,  May  3,  1971, 
NADA  9-393,  Vol.  5.  From  cover  letter  of 
May  4, 1971  to  Lakata  (FDA) . 

*^6  memorandum  includes  the  results 
of  a  tissue  residue  study  in  chickens  ad¬ 
ministered  200  grams  per  ton  of  fura¬ 
zolidone  in  their  diets  for  an  unspeci¬ 
fied  time  period.  A  chemical  assay  for 
furazolidone  was  used  to  measure  the 
residues,  and  the  "sponsor  claimed  the 
method  was  sensitive  to  2  ppb.  Furazoli¬ 
done  was  reported  in  muscle  as  6.5  ppb 
and  in  liver  as  2  ppb  at  zero  withdrawal. 
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No  data  were  given  for  skin  with  fat  at 
zero  withdrawal.  Liver,  kidney,  muscle 
and  skin  with  fat  samples  did  not  con¬ 
tain  detectable  furazolidone  on  days  3,  4, 
and  5  post-withdrawal. 

Data  are  not  included  in  this  notice 
on  residues  in  egrgs  because  the  firm  ad¬ 
mits  that  the  use  of  furazolidone  in  lay¬ 
ing  hens  results  in  significant  residues  in 
eggs.  For  this  reason  the  firm  has  volun¬ 
tarily  deleted  from  the  labeling  all  uses 
in  laying  hens  and  in  replacement  chick¬ 
ens  over  14  weeks  of  age. 

Hie  Director  concludes  on  the  basis 
of  the  data  available  on  tissue  residues  of 
furazolidone  in  chickens  that: 

(a)  The  studies  are  not  adequate  to 
determine  total  drug-related  residues 
that  may  occur,  because  the  assays  used 
detected  only  the  parent  drug. 

(b)  The  chemical  method  used  for 
furazolidone  is  not  reliable  at  the  lower 
concentrations  in  tissue. 

(c)  Furazolidone  was  present  in  edible 
tissues  following  medication  when  no 
withdrawal  period  was  observed. 

(d)  A  withdrawal  period  after  which 
no  residues  are  found  in  edible  tissues 
cannot  be  established  from  the  informa¬ 
tion  available. 

TURKEY  STUDIES 

Three  studies  were  submitted  on  resi¬ 
due  depletion  of  parent  drug  furazoli¬ 
done  frmn  medicated  turkeys. 

1.  “Direct  Extraction  Procedure  for 
Furazolidone  (NF-180)  in  Chickens, 
Swine  and  Turkey  Tissues  at  2  ppb,*' 
September  2,  1971,  Project  475.17,  In¬ 
terim  Report  No.  5,  NADA  9-393,  Vol.  5. 

The  report  presents  the  tissue  residue 
values  for  tiu'kQrs  fed  the  maximum  ap¬ 
proved  dose  of  furazolidone,  l.e.,  200 
grams  per  ton  for  21  days.  Samples  of 
liver,  kidney,  muscle,  and  skin  with  fat 
from  two  birds  sacrificed  at  each  of  the 
withdrawal  times  of  0,  4  and  5  days  were 
analyzed  by  a  chemical  method  for  fura¬ 
zolidone  which  the  sponsor  claimed  was 
.sensitive  to  2  ppb.  At  zero  withdrawal, 
residues  in  muscle  are  reported  as  6.4  ppb 
and  7.7  m>b,  and  in  skin  with  fat  as  6.5 
ppb  and  8.3  ppb.  Residues  in  skin  with 
fat  were  the  most  persistent.  At  5  days 
withdrawal,  residues  in  skin  with  fat 
were  reported  as  2  ppb  in  one  sample 
and  a  questionable  result  in  another 
sample. 

2.  "Furazolidone  Depletion  Studies  in 
the  Turkey,”  November  9,  1971,  Project 
475.17,  Interim  Report  No.  6,  NADA  9- 
393,  Vol.  5. 

These  studies  provide  data  on  tissue 
residues  in  turkeys  using  a  chemical 
method  for  furazolidone  which  the  spon¬ 
sor  claimed  was  sensitive  to  2  ppb.  In  the 
firet  study  birds  were  fed  furazolidone  at 
100  grams  per  ton  in  their  feed  for  28 
days.  Liver,  kidney,  and  muscle  samples 
from  birds  sacrificed  at  5  and  6  days 
withdrawal  were  analyzed  and  no  fura¬ 
zolidone  was  detectable  in  any  of  the 
samples.  Skin  with  fat  samples  from 
birds  sacrificed  at  5,  6,  7,  8  and  9  days 
after  withdrawal  were  analyzed.  At  5 
days  withdrawal,  five  samples  were  re¬ 
ported  to  contain  3  ppb  of  furazolidone 
and  one  sample  contained  2  ppb.  At  9 


days  withdrawal,  one  sample  contained 
2  ppb,  two  samples  were  questimiable, 
and  three  samples  were  reported  as  not 
containing  any  detectable  levels  of 
furazolidone. 

In  a  second  study,  birds  were  fed 
furazolidone  at  200  grams  per  ton  In 
their  feed  for  21  days.  Liver,  kidney  and 
muscle  tissues  did  not  have  detectable 
levels  of  fmazolidone  at  5  and  6  days 
withdrawal.  All  six  samples  of  skin  with 
fat  examined  at  5  days  withdrawal  con¬ 
tained  concentrations  of  furazolidcme 
reported  at  2  ppb.  At  9  days  withdrawal, 
the  longest  period  examined,  one  skin 
with  fat  sample  was  reported  to  contain 
fiuazolidone  at  2  ppb  and  11  samples 
were  questionable. 

3.  “Furazolidone  Depletion  Studies  in 
Turkey  Skin  with  Pat,”  February  10, 
1972,  Project  475.17,  Interim  Report  No. 
7,  NADA  9-393,  Vol.  16. 

The  two  studies  in  this  report  contain 
data  on  the  depletion  of  furazolidone 
from  skin  with  fat  tissue  only  of  turkeys 
fed  furazolidone  at  200  grams  per  ton  of 
feed  for  21  days,  and  at  100  grams  per 
ton  of  feed  for  28  days.  A  chemical 
method  of  analysis  for  furazolidone 
which  the  sponsor  claimed  was  sensitive 
to  2  ppb  was  used.  At  the  maximum  ap¬ 
proved  feeding  level  of  200  grams  per 
ton,  furazolidone  in  skin  with  fat  sam¬ 
ples  was  reported  to  deplete  from  7  to 

8  ppb  at  zero  withdrawal  to  2  ppb  at 

9  days  withdrawal.  Furazolidone  con¬ 
tinued  to  be  found  at  2  ppb  through  13 
days  after  withdrawal  of  the  birds  from 
medication.  When  furazolidone  was  fed 
at  100  grams  per  ton  of  feed  for  28  days, 
measur^nents  of  furazolidone  in  skin 
with  fat  samples  were  made  from  day 
9  through  day  15  following  cessation  of 
drug  treatment.  Furazolidone  was  re¬ 
ported  at  2  ppb  on  day  9  and  was  not 
detected  from  day  12  through  15. 

The  Director  concludes  on  the  basis  of 
these  data  on  tissue  residues  of  fura¬ 
zolidone  in  turkeys  that: 

(a)  The  studies  are  not  adequate  to 
determine  the  total  drug-related  resi¬ 
dues  that  may  occur,  becatise  the  chemi¬ 
cal  assay  used  detected  only  residues  of 
the  parent  drug. 

(b)  Ihe  chraiical  method  used  for 
furazolidone  is  not  reliable  at  the  lower 
concentrations  in  tissue,  tmd  therefore 
the  residue  data  on  the  depletion  of 
furazolidone  are  not  acceptable. 

(c)  Furazolidone  was  foimd  in  edible 
tissues  following  medication  and  con¬ 
tinued  to  persist  in  skin  and  fat  even 
after  withdrawal  from  medication  for 
5  days. 

(d)  A  withdrawal  period  after  which 
no  residues  are  found  in  edible  tissues 
cannot  be  established  from  the  informa¬ 
tion  available. 

SWINE  STUDIES 

Three  studies  were  submitted  on  resi¬ 
due  depletion  of  parent  drug  furazolidone 
from  medicated  swine. 

1.  “Summary  of  Pertinent  Data,  Fura¬ 
zolidone,  Residue  Data,”  January  8, 1971, 
Tab  C,  NADA  9-393,  Vol.  4. 

Residue  studies  using  a  chemical 
method  of  analysis  for  furazolidone 
which  the  sponsor  claimed  was  sensitive 


to  0.1  ppm  are  reported.  In  one  study, 
swine  were  fed  300  grams  per  ton  of 
furazolldcme  in  their  diets  for  7  months. 
(The  maximum  ajq^roved  use  of  fura¬ 
zolidone  Is  300  grams  per  ton  for  14 
days.)  AU  tissues,  i.e.,  muscle,  liver,  kid¬ 
ney,  and  fat,  were  reported  as  containing 
no  detectable  levels  of  furazolidone  at 
zero  withdrawal.  In  another  study  swine 
were  fed  the  drug  in  feed  at  200  grants 
per  ton  for  6  months  along  with  anti¬ 
biotics.  Again,  no  detectable  levels  of 
furazolidone  were  found  at  zero  days 
withdrawal. 

2.  “Tissue  Residue  Studies  for  Fura¬ 
zolidone  in  Swine,”  Memorandum  from 
Dr.  J.  L.  Mertz  to  Dr.  J.  P.  Heotis,  Octo¬ 
ber  4,  1971,  NADA  9-393,  Vol.  5.  Prom 
cover  letter  of  October  5, 1971. 

The  memorandum  describes  studies  in 
which  swine  were  fed  furazolidone  at  a 
level  of  300  grams  per  ton  in  feed  for  21 
days.  Samples  of  kidney,  liver,  muscle, 
and  fat  from  animals  sacrificed  at  0,  4,  5 
and  6  days  after  withdrawal  from  medi¬ 
cation  were  examined.  A’  chemical 
method  of  analysis  for  furazolidone  was 
used  which  the  sponsor  claimed  was  sen¬ 
sitive  to  2  ppb.  The  only  kidney  sample 
examined  at  zero  withdrawal  was  re¬ 
ported  to  contain  furazolidone  at  2  ppb. 
Two  fat  samples  contained  2  ppb  and 
one  fat  sample  contained  5  ppb  at  zero 
withdrawal  time.  All  other  tlsseus  at  zero 
withdrawal  did  not  contain  detectable 
levels  of  furazolidone.  At  all  other  with¬ 
drawal  times,  all  tissues  with  the  excep¬ 
tion  of  fat  did  not  contain  detectable 
levels  of  furazcfildone.  One  fat  sample 
at  4  days  withdrawal  was  reported  to 
contain  furazolidone  at  2  ppb.  Furazoli¬ 
done  was  not  found  In  any  fat  samples 
taken  fnmi  animals  at  5  and  6  days 
withdrawal  from  medication. 

3.  “Direct  Extraction  Procedure  for 
Furazolidone  (NF-180)  in  Chicken,  Swine 
and  Turkey  Tissue  at  2  ppb,”  September 
2,  1971,  Project  475.17,  Interim  Report 
No.  5,  NADA  9-393,  Vol.  5. 

In  this  study,  swine  were  fed  furazoli¬ 
done  at  a  level  of  150  grains  per  ton  In 
feed  for  35  days.  Using  a  chemical  method 
of  analysis  for  furazolidone  which  the 
sponsor  claimed  was  sensitive  to  2  ppb, 
only  fat  was  reported  to  contain  furazoli¬ 
done  at  zero  withdrawal.  All  tissues,  l.e., 
liver,  muscle,  kidney  and  fat,  did  not 
contain  detectable  levels  of  furazolidone 
at  4  as  well  as  5  das^  withdrawal. 

The  Director  concludes  on  the  basis  of 
the  data  available  on  tissue  residues  of 
furazolidone  in  swine  that: 

(a)  The  studies  are  not  adequate  to 
determine  the  total  drug-related  resi¬ 
dues  that  may  occur,  because  the  chem¬ 
ical  assay  used  detected  only  residues  of 
the  parent  drug. 

(b)  The  chemical  method  used  for 
furazolidone  is  not  reliable  at  the  lower 
concentrations  in  tissue. 

(c)  Furazolidone  was  found  in  edible 
tissues  following  medication  when  no 
withdrawal  period  was  observed. 

(d)  A  withdrawal  period  when  no 
furazolidone  is  found  in  the  tissues  can¬ 
not  be  established  from  the  information 
available. 

The  Director  concludes  that  information 
has  been  provided  showing  that  with- 
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drawal  periods  are  required  for  the  safe 
use  of  furazolidone.  He  concludes  that 
essential  Information  has  not  been  pro¬ 
vided  to  establish  withdrawal  periods 
which  are  adequate  to  assure  no  residues 
and  are  practical  within  the  meaning  of 
the  act.  He  further  concludes  from  the 
available  data  that  the  currently  labeled 
withdrawal  periods  for  turkeys  are  not 
adequate  In  that  residues  of  furazolidone 
have  been  found  in  skin  with  adhering 
fat  for  days  after  the  currently  labeled 
withdrawal  period.  He  also  concludes  on 
the  basis  of  available  data  that  It  is 
unlikely  that  the  cmrently  labeled  with¬ 
drawal  period  for  swine  and  chickens 
woidd  be  shown  adequate  if  proper 
studies  were  available  which  took  Into 
accoimt  total  drug  residues. 

'Hierefore.  the  Director  of  the  Bmeau 
of  Vcrteriimry  Medicine  is  hereby  with¬ 
drawing  the  notice  of  opportimlty  for 
hearing  Issued  August  4.  1971,  proposing 
to  withdraw  approval  of  NADA’s  for  the 
use  of  furazolidone  in  food-producing 
animals.  Under  section  512(e)  (1)  of  the 
Federal  Food.  Drug,  and  Cosmetic  Act 
(21  U.S.C.  360b.(e)(l)),  the  Director 
proposes  to  withdraw  approval  of  certain 
existing  NADA’s  providing  for  the  use 
of  furazolidone  In  food-producing  ani¬ 
mals  on  the  grounds  that  such  use  vio¬ 
lates  section  512(d)  (1)  (H)  of  the  act. 

This  notice  supplies  to  all  outstanding 
NADA’s  for  the  use  of  furazolidone  In 
food-producing  animals.  All  such  appli¬ 
cations  now  known  to  FDA  are  listed 
below  by  NADA  number  and  by  each  ap¬ 
plicant’s  name  and  last  known  address 
In  FDA  records.  C<q>les  of  this  notice  are 
being  forwarded  by  registered  or  certified 
mall  to  each  of  the  known  applicants. 


Notice  to  other  applicants  or  holders  of 
such  NADA’s  whose  identity  is  not  known 
to  FDA  Is  given  by  this  publication. 

9-073,  11-405.  11-698,  12-061,  Hess  and  Clark, 
Division  of  Rhodl^  Inc.,  7th  and  Orange 
Street,  Ashland,  OH  44806. 

9-393,  13-806,  Norwich  Phannacal  Oo.,  Divi¬ 
sion  of  Morton-Norwlch  Products,  Inc., 
13-27  Eaton  Avenue,  Norwich,  NY  13816. 
11-016,  11-810,  82-819,  Eaton  Laboratories, 
Division  ot  Morton-Norwlch  Products,  Inc., 
P.O.  Box  191,  Norwich,  NY  13815. 

Any  holder  of  an  aK>roved  application 
that  elects  to  avail  Itself  of  the  oppor¬ 
tunity  for  hearing  pursuant  to  section 
512(e)(1)  of  the  act  and  9  514.200  of 
’Title  21  of  the  Code  of  Federal  Regula¬ 
tions  must  file  with  the  Hearing  Cleric, 
Food  and  Drug  Administration,  Rm.  4- 
65,  5600  Fishers  Lane,  Rockville  MD 
20852,  a  written  aiH>earance  requesting 
such  hearing  by  Jime  14,  1976,  giving 
the  reasons  why  approval  of  the  appli¬ 
cation  should  not  be  withdrawn,  and 
providing  a  well-organized  and  full-fac¬ 
tual  analysis  of  the  scientific  and  other 
investigational  data  such  holder  is  pre¬ 
pared  to  prove  in  support  of  Its  opposi¬ 
tion  to  the  Director’s  proposal.  A  request 
for  hearing  may  not  rest  upon  mere  al¬ 
legations  or  denials  but  must  set  forth 
specific  facts  showing  that  there  is  one 
or  more  genuine  and  substantial  Issues 
of  fact  requiring  a  hearing.  Responses 
to  this  notice  may  be  seen  in  the  ofiBce 
of  the  Hearing  Clerk  during  regular  busi¬ 
ness  hours,  Monday  through  Friday. 

If  a  hearing  is  requested  and  is  justi¬ 
fied  by  any  holder’s  response  to  this  no¬ 
tice  of  opportimlty  for  hearing,  the  issues 
will  be  defined,  an  Administrative  Law 
Judge  will  be  assigned,  and  a  written 


notice  of  the  time  and  place  at  which 
the  hearing  will  commence  will  be  Issued 
as  soon  as  practicable. 

Any  hearing  on  the  withdrawal  of  ap¬ 
proval  of  the  foregoing  NADA’s  will  be 
open  to  the  public.  If,  however,  the  Di¬ 
rector  finds  that  portlcms  of  the  appli¬ 
cations  that  serve  as  a  basis  for  such  a 
hearing  contain  information  concerning 
a  method  or  process  that  is  entitled  to 
protection  as  a  trade  secret,  the  part 
of  the  hearing  involving  such  portions 
will  not  be  public,  unless  the  respondent 
so  specifies. 

’This  notice  is  Issued  under  the  Federal 
Food,  Drug,  and  Cosmetic  Act  (section 
512,  82  Stat.  343-361  (21  n.S.C.  360b) ) 
and  under  authority  delegated  to  the 
Commissioner  (21  CFR  2.120)  and  sub¬ 
delegated  to  the  Director  of  the  Bureau 
of  Veterinary  Medicine  (21^  CFR  2.121 
(m) ,  published  in  the  Federal  Register 
of  January  19.  1976  (41  FR  2636)). 

A  discussion  of  the  economic  and  en¬ 
vironmental  impact  of  this  action  Is  set 
forth  In  the  advanced  notice  of  proposed 
rule  making  on  furazolidone  published 
elsewhere  In  this  issue  of  the  Federal 
Register. 

It  is  hereby  certified  that  the  economic 
and  Infiatlon  effects  of  this  proposal  have 
been  carefully  evaluated  in  accordance 
with  Executive  Order  11821. 

Dated:  May  10, 1976. 

C.  D.  Van  Houweling, 
Director, 

Bureau  of  Veterinary  Medicine. 

(FR  Doc.76-13969  Filed  5-lC-76;2:04  pm]  ’ 
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